This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at  http  :  //books  .  google  .  com/| 


Digitized  by 


Google 


Digitized  by 


Google 


Digitized  by  VjOOQIC  ^ 


Digitized  by 


Google 


DEPARTMENT    OF    MINES 

Hon.  Charles  Stewart,  Minister;  Charles  Camsell,  Deputy  Minister 


GEOLOGICAL   SURVEY 

W.  H.  CoLUNB,  Director 


Summary  Report,  1921,  Part  A 


CONTENTS 

Paoh 

SiLVBR-LXAD  DEPOSITS  OP  DAVIDSON   MOUNTAINS,  MaYO   DISTRICT,  YUKON  :     W.  E.   COCKFIBLD.  1 

Upper  KiTZAULT  VAtxEY.  B.C. :  <5eorgb  Hanson ,.  7 

Coast  and  islands  op   British  Columbia  betwekn    Burke  and   Douglas   channels: 

v.  dolmaor 22 

Copper  Orb  DEPOSITS  on  La SQUBTi  island,  B.C. :   J.  D.  Mackenzie 50 

Placer  mining  in  Barkerville  area.  B.C.:   W.  A.  Johnston 59 

Gfi0xx>QY  of  the  North  Thompson  Valley  map-area,  B.C.:    W.  I^  Uglow 72 

T^RDEAU  map-area.  B.C. :   M,  P.  Bancroft 107 

INDEX 117 


OTTAWA 

F.  A.  ACLAND 

PRINTER  TO  THE  KING'S  MOST  EXCELLENT  MAJESTY 

1922 


Digitized  by 


No.  1955 


Google 


Digitized  by 


Google 


295923 

SUMMARY  REPORT,  1921,  PART  A 

SILVER-LEAD  DPPOSITS  OF  DAVIDSON  MOUNTAINS, 
MAYO  DISTRICT,  YUKON 

By  W.  E.  Cochfield 

CONTENTS 


Paob 


Introduction 1 

I      Ueneral  character  of  district 1 

General  geology 3 

Bconomic  geology 4 

llluttrationt 

Map   1948.     Stand-to  Hill  area,  Mayo  district.  Yulcon 4 

1937.     Rambler  Hill'  area,  Mayo  district,  Yukon 5 

1940.     Mount  Cameron  area.  Mayo  district,  Yukon 6 

Plate  I.A.  View  of  the  upland  surface  showing  thie  flat-topped  character  of  the  plateau 

B.    Workings  of  the  Mount  Cameron  property 113 

Figure    1.  Index  map  showing  location  of  mineralised  areas.  Mayo  district,  Yukon. ...  2 

INTRODUCTION 

The  inveBtigation  of  the  Mayo  eilver-lead  ores  was,  during  the  field  season  of 
1921,  confined  to  the  mapping  of  three  small  areas  in  Davidson  mountains,  on  which 
some  prospecting  had  been  done.  These  areae — Stand-to  hill,  Rambler  hill,  and 
mount  Oameron — comprising  a  total  of  slightly  more  than  60  equare  miles,  were 

mapped  on  a  scale  of  x2,ooo  ^^^  ^^  maps  (Nos.  1937,  1940,  1943)  accompany  thi9 
report. 

The  writer  was  ably  assisted  by  N.  T.  Ellis,  C.  A.  Merritt,  and  T.  B.  Guernsey, 
all  of  whom  performed  their  duties  in  a  satisfactory  and  efficient  manner.  Mr.  Ellis 
was  in  charge  of  the  topographical  mapping,  and  Mr.  Merritt  and  Mr.  Quemsey 
assisted  in  both  the  topographical  and  geological  work.  The  miners  and  prospectors 
of  the  district  assisted  in  every  way  poseible  and  for  the  many  courtesies  and  favours 
received  the  writer  wishes  to  express  his  hearty  thanks. 

GENERAL  CHARACTER  OF  THE  DISTRICT 

Location  and  Accessibility.  Mayo  district  takes  its  name  from  the  town  of 
Mayo,  on  Stewart  river,  180  miles  above  its  confluence  with  Yukon  river. 

Davidson  mountains  occupy  the  area  enclosed  by  Ladue,  McQuesten,  and  Beaver 
valleys,  and  form  a  range  30  mUes  long  and  12  miles  wide,  having  a  general  east- 
west  trend.  In  general  the  southerly  slopes  of  the  range  are  gentle,  being  governed 
to  some  extent  by  the  dip  of  the  strata;  the  northerly  slopes  are  steep,  frequently 
precipitous.  This  also  applies  to  tiioee  stream  valleys  flowing  in  an  easterly  or  west- 
erly direction  within  the  range.  Numerous  sharp  peaks  occur,  the  highest  of  which 
is  mount  Cameron  (6,893  feet). 

The  position  of  the  areas  with  respect  to  Mayo  is  shown  on  Figure  1. 
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During  the  summer  a  regular  passenger  and  freight  service  is  maintained  on 
Stewart  river  by  the  steamers  of  the  White  Pass  and  Yukon  route.  From  Mayo, 
roads  lead  to  all  the  principal  creeise.  The  most  direct  route  to  the  properties  under 
discussion  is  by  way  of  Galena  creek.  A  winter  road  leads  from  Oalena  creek  to 
mount  Cameron,  and  a  trail  leads  from  this  winter  road  across  Ladue  lakes  to  Stand-to 
hill,  and  another,  up  Cache  creek  to  Rambler  hill.  A  better  road  for  summer  traffic 
leads  to  the  base  of  Keno  hill,  where  there  is  a  trail  down  Christal  creek  to  ihe 
Mount  Cameron  road. 


Figure  1.     Index  map  showiner  location  of  mineralized  areas,   Mayo   district,   Yukon. 

1.  Stand-to  Hill  area. 

2.  Rambler  Hill  area. 

3.  Mount  Cameron  area. 

The  rates  charged  for  freight  vary  greatly.  From  Dawson  to  Mayo  the  freiglit 
rate  is  from  $60  to  $00  a  ton,  depending  on  the  stage  of  water  in  Stewart  river.  Ore 
at  the  present  time  is  hauled  42  miles  from  Keno  hill  to  Mayo  for  $30  a  ton.  The 
freight  rate  from  Mayo  to  Keno  hill  is  15  cents  a  pound  in  summer  and  about  half 
that  amount  in  winter.  In  considering  the  three  areas  covered  by  this  report  it 
must  be  remembered  that  at  present  summer  haulage  is  out  of  the  question,  there 
being  no  road,  and  that  owing  to  greater  distance  and  poorer  roads  winter  haulage 
would  be  more  expensive  than  to  Keno  hill. 
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Topography,  Mayo  district  lies  within  the  physiographic  province  known  as 
Yukon  plateau,  which  is  in  this  district  characterized  by  its  subdivision  into  isolated 
mountain  groups,  separated  by  broad,  flat-bottomed  valleys.  The  interstream  areas 
are  mostly  flat-topped  (Plate  I  A)  and  stand  at  an  average  elevation  of  6,500  feet. 
These  upland  areas  are  parts  of  a  former  plain-like  surface  which  has  been  uplifted 
and  dissected.    Occasional  hills  rise  from  fthe  plateau  to  heights  of  500  to  1,000  feet. 

The  district  has  been  intensely  glaciated,  all  but  the  upland  having  been  covered 
by  ice,  which  scoured  the  valley  walls,  giving  to  the  valleys  typical  IT-shaped  cross- 
sections.  The  valleys  are  floored  with  glacial  accumulations,  through  which  the 
streams  have  formed  terraces. 


GENERAL  GEOLOGY 

Mayo  area  as  a  whole  is  floored  by  crystalline  schists  and  gneisses.  These  are 
the  oldest  rocks  of  the  district,  and,  by  analogy  with  similar  districts  where  the  age 
of  the  rocks  has  been  determined,  they  are  tentatively  referred  to  the  Precambrian. 
These  schists  and  gneisses  conAist  of  banded  blue  and  white  gneissoid  quartzites, 
grading  into  quartz-mica  schists,  and  mica  schists,  graphite  schists,  and  crystalline 
limestone.  These  schiets  are  intruded  at  many  points  throughout  the  district  by 
later  igneoufi  rocks,  diorite  and  diabase,  granite,  quartz  porphyry,  and  granite 
porphyry. 

These  conditions  also  obtain  in  Davidson  mountains — one  of  the  three  groups 
referred  to  above — where  the  greater  part  of  the  areafi  mapped  consists  of  banded 
bhie  and  white  quartzites,  quartz-mica  schist,  mica  schist,  graphite  schist,  and 
crystalline  limestone.  Cutting  these  are  dykes  and  sills  of  greenstone,  which  vary 
widely  in  colour,  texture,  and  composition,  ranging  from  diorite  to  diabase,  but 
which  appear  to  belong  to  one  general  age  of  intrusion.  These  have  been  intruded 
along  the  bedding  planes  of  the  schists  and  have  been  subsequently  sheared  and 
altered.  Many  of  them  have  become  so  altered,  and  now  consist  to  such  an  extent 
of  secondary  minerals,  that  it  is  difficult  to  determine  what  their  original  composi- 
tions have  been.  In  the  field  they  are  nearly  always  well-defined  owing  to  their 
dark  green  colour,  different  texture,  and  the  fairly  sharp  dividing  line  between  them 
and  the  schists.  Owing  to  their  superior  resistance  they  frequently  control  the  topo- 
?raphy  and  form  the  crests  of  the  ridges. 

The  granitic  intrusives  are  more  prominent  in  Mayo  district  than  in  those 
parts  of  Davidson  mountains  that  have  been  mapped;  but  one  small  body  of  granite 
was  found  in  Stand-to  Hill  area,  occurring  well  down  on  the  slope  toward  Ladue 
Talley.  This  occurrence  is  distinguished  by  the  presence  of  muscovite,  whereas  in 
all  other  granitic  occurrences  observed  in  the  district  biotite  is  the  predominating 
ferromagnesian  mineral. 

Overlying  all  the  consolidated  rock  formations  is  a  mantle  of  superficial  deposits 
of  varying  thickness.  It  is  thickest  in  the  valleys,  where  boulder  clay  and  stream 
deposits  cover  bedrock,  but  it  is  also  prevalent  on  the  hillsides  and  even  on  the 
upland  surface  where  soil,  frost-heaved  blocks  of  bedrock,  rock  rubble,  and  talus 
make  outcrops  scarce.  Outcrops  are  most  numerous  along  the  crests  of  ridges, 
particularly  at  the  edges  of  the  steep  northerly  slopes  referred  to  above.  They  also 
occur  in  small  jagged  x>caks  at  irregular  intervals  along  the  upland  surface.  On  the 
hillsides  rock  outcrops  are  rare  and  are  usually  of  the  more  resistant  rocks,  such 
as  greenstone.  In  the  valley  bottoms  there  are  occasional  outcrops,  particularly  in 
the  conall  canyons  on  the  creeks.  An  attempt  has  been  made  to  show  on  the  map, 
hj  means  of  stippled  areas,  the  distribution  of  the  sui)erficial  deposits.  It  was  found 
imiwracticable  to  show  single  outcrops  and  these,  where  fairly  numerous,  have,  there- 
fore, been  grouped  into  areas. 
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ECONOMIC  GEOLOGY 

The  silver-lead  ores  of  DaTidson  mountains  are  the  only  known  deposits  of 
economic  value.  They  have  many  characteristics  in  common  and  are  presumably 
similar  in  origin.  They  are  veins  formed  by  the  filling  of  fault  fissures.  The  ore 
mineral  is  galena  in  a  gangue  of  siderite  and  quartz,  with  which  is  associated  man- 
ganite,  and  in  some  cases  pyrite,  chalcopyrite,  and  zinc  blende. 

DESCRIPTION   OP    DEPOSITS 

stand-to  Property.  The  Stand-to  property  (Map  1943)  is  situated  on  the  east 
side  of  Homestead  creek  about  2  miles  from  its  mouth.  The  workings  'are  about  500 
feet  above  the  creek  level.  There  is  no  road  to  the  property,  a  winter  trail  from  the 
workings  across  Ladue  lakes  to  the  Mount  Gameron  road — 5  miles  distant — ^being 
sufficient  for  its  present  needs. 

The  Stand-to  property  comprises  seven  claims,  Elsie,  Dorothy  Brown,  Janet 
Agnes,  Two  Donalds,  Victoria,  Mary  Bell,  and  Glengarry,  owned  by  J.  Zahn,  W. 
Forbes,  D.  Forks,  D.  MacDonald,  J.  Falconer,  and  J.  A.  MaoDonald.  These  claims 
are  grouped  for  the  purpose  of  representation  on  the  map.  They  were  staked  August 
15  and  16,  1020.  At  the  time  of  the  writer's  visit  (July,  1921)  the  workings  consisted 
of  a  number  of  surface  trenches,  and  a  50-foot  adit  on  the  vein,  about  midway  between 
the  creek  and  the  summit  of  Stand-to  hill. 

The  vein  is  formed  in  a  fault  fissure  which  at  the  elevation  of  the  workings 
brings  a  band  of  schist  into  juxtaposition  with  a  greenstone  sill,  the  fault  having  a 
vertical  displacement  of  about  50  feet.  The  vein  has  been  trac^  on  the  surface  by 
open-cuts  for  200  feet,  but  probably  extends  farther  in  both  directions,  for  in  this 
vicinity  bedrock  is  covered  by  soil  and  talus,  and  the  extent  of  the  vein  can  be  ascer- 
tained only  by  trenching.  The  average  strike  of  the  fissure  is  south  50  degrees  east 
(magnetic) ;  the  dip  is  about  vertical.  The  trend,  however,  is  irregular,  for  the  vein 
is  broken  by  slip  faults.  The  vein,  which  varies  in  width  from  16  inches  to  2  feet, 
is  mineralized  with  galena,  calcite,  siderite,  cerussite,  limonite,  manganite,  chalcoi^- 
Tite,  and  quartz.  The  galena  occurs  as  bands  from  1  to  6  inches  wide  in  the  other 
gangue  minerals,  and  the  chalcopyrite  as  small  specks  in  the  galena.  The  presence 
of  the  cerussite  and  limonite  shows  that  some  oxidation  has  taken  place  and  possibly 
also  some  leaching.  The  workings  are  at  no  place  more  than  50  feet  below  the  sur- 
face. Two  samples  were  taken.  No.  1  across  14  inches  of  the  working  face  and  No. 
2  from  the  roof  of  the  tunnel  25  feet  from  the  entrance.  These  were  assayed  and 
the  results  are  given  below : 

No.  1  No.  2 

Gold Trace  NIL 

Sliver 17-60OZ8.  per  ton  3*30  oza.  per  ton 

Lead 19  36%  440% 

Many  other  claims  have  been  staked  around  the  original  locations,  but  on  the 
majority  of  these  only  representation  work  has  been  done.  On  one  group,  however, 
stripping  and  open-cutting  have  shown  traces  of  mineralization.  This  gproup  lies  on 
the  summit  to  the  west  of  the  head  of  Homestead  creek,  and  consists  of  three  claimfi, 
the  Surprise,  the  Enterprise,  and  the  Hillside,  owned  by  C.  Coutts  and  J.  McKinnon. 
On  the  Hillside  claim  there  are  two  veins,  both  of  which  show  fioat  containing  iron, 
manganese,  and  lead  minerals.  On  the  Surprise  claim  a  wide  band  of  fioat  with  the 
same  minerals  apparently  shows  the  location  of  another  vein.  Stripping  work  was 
in  progress  at  the  time  of  the  writer's  visit,  but  bedrock  had  not  been  reached,  and 
consequently  it  was  impossible  to  estimate  the  value  of  these  veins. 

The  Rambler  Hill  property  (Map  1937)  is  situated  on  Rambler  hill,  about  6  miles 
east  of  the  foot  of  McQueeten  lake.    The  workings  lie  above  timber-line,  at  an  elevation 
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of  about  6,000  feet.  Eight  claims  are  held,  owned  by  Messrs.  A.  Martin,  A.  Lamb, 
A.  R.  Thompson,  H.  Colley,  J.  Alverson,  G.  Forey,  J.  Lake,  and  J.  Robertson,  each  of 
whom  owns  an  undivided  eighth  interest.  The  property  is  connected  by  a  4-mile 
trail  to  the  winter  road  from  Galena  creek  to  mount  Cameron.  The  workings  consist 
of  a  shaft  about  80  feet  deep  on  the  summit  of  the  hill  and  a  crosscut  of  12  feet.  The 
vein  was  traced  down  the  hill  for  about  300  feet  in  elevation  by  means  of  open-cuts, 
and  an  adit  has  been  started  here. 

At  the  time  of  the  writer's  visit  (July,  1^21)  the  shaft  was  full  of  water  and 
the  upper  workings  could  not  be  examined.  The  data  obtained  from  a  previous 
examination^  are  given  here  for  purx>oses  of  reference.  The  vein-filling  consists  of 
limonite,  galena,  pyrite,  quartz,  cerussite,  anglesite  (t),  malachite,  and  chalcopyrite. 
Xiimonite  makes  up  by  far  the  gpreater  mass  of  the  deposit.  Included  in  it  are  small 
nodules  of  galena,  coated  with  oxidation  products.  Near  the  surface  and  extending 
downward  for  37  feet  are  large  masses  of  galena.  Farther  down,  these  disappear, 
leaving  only  the  small  nodules. 

Galena  appears  in  three  open-cuts  along  the  vein  between  the  shaft  and  the  adit. 
In  the  adit  the  vein  is  3  to  4  feet  wide.  The  strike  and  dip  are  both  variable.  The 
vein-filling  consists  of  iron  oxide  and  carbonate,  manganite,  and  galena  with  lead 
carbonate  and  a  little  chalcopyrite.  The  galena  occurs  in  small  bandfi  in  the  vein,  and 
the  chalcopyrite  as  smell  spec^  in  the  galena. 

Two  samples  of  the  massive  galena  were  taken.  Although  these  do  not  represent 
the  average  content  of  the  vein,  they  do  give  valuable  information  with  regard  to  the 
ratio  of  ounces  of  silver  to  one  per  cent  of  lead.  This  ratio  determines  whether  the 
ores  can  be  concentrated  sufficiently  to  pay  for  shipment.  The  samples  gave  the  fol- 
lowing results: 

No.  1  No.  2 

Gold Nil  Nil 

Silver 36-80  ess.  per  ton    3600  0S8.  per  ton 

Lead 54-91%  52-60% 

On  claims  surrounding  Bambler  Hill  property  very  little,  other  than  representa- 
tion work,  has  been  done.  In  some  places  veins  have  been  uncovered  but  work  has  not 
progressed  far  enough  to  enable  much  data  to  be  given.  One  of  the  most  promising 
of  these  properties  is  the  Lucknow  claim  owned  by  A.  B.  Thompson.  This  lies  on  the 
long,  fiat  stretch  of  upland  to  the  east  of  Rambler  hill.  Here  a  fault  fissure  occurs: 
it  can  be  traced  on  the  surface  by  means  of  fioat  for  more  than  2,000  feet  and  is  partly 
exposed  in  a  trench  that  has  not  yet  reached  bedrock  but  which  discloses  part  of  a 
broken  outcrop  of  massive  galena  that  is,  probably,  almost  in  place.  Judging  from 
the  galena  the  vein  has  a  width  of  6  or  7  feet  and  of  thie  width  the  massive  galena 
occupies,  probably,  about  5  feet ;  but  until  more  work  is  done  nothing  definite  can  be 
ascertained  about  the  vein. 

The  Homestake  group  on  Cache  creek  owned  by  A.  Martin,  W.  J.  Elliott,  Fred 
Arnold,  and  B.  Verschoyle,  shows  several  veins.  There  are  at  least  two  fault  fissures 
which  have  float  showing  iron  manganese  and  lead  minerals,  but  until  the  overburden 
is  cleared  away  the  character  and  content  of  the  veins  cannot  be  known. 

At  other  points  on  the  hill,  particularly  on  both  hillsides  overlooking  Bambler 
creek,  galena  fioat  has  been  found,  but  the  veins  from  which  it  comes  have  not  been 
located.  Some  of  this  fioat  is  reported  to  be  richer  in  silver  than  any  of  the  galena 
tested  during  the  past  summer. 

The  Mount  Cameron  property  (Map  1940)  is  situated  on  Cameron  mountain  about 
45  miles  in  a  direct  line  northeast  of  Mayo,  and  lies  near  timber-line  on  the  central 
fork  of  Alverson  gulch.  The  winter  road  from  Qalena  creek  to  the  property  has  not 
been  completed,  but  there  is  a  trail  from  the  end  of  it  to  the  workings.  The  distance 
from  Mayo  by  way  of  this  road  is  about  65  miles.  The  property  consists  of  three 
claims,  Cameron  No.  1,  No.  2,  and  No.  3  owned  by  J.  Scougale,  J.  Alverson,  and  J. 
Philip. 

iCockfield.  W.  E.,  Geol.  Surv.,  Can.,  Sum.  Rept.,  1918,  p.  6  B. 
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The  workings  consist  mainly  of  an  adit  and  a  crosscut,  but  at  the  time  of  the 
writer's  visit  (August,  1921)  the  entrance  to  these  was  blocked  by  caving  of  the  roof. 
There  are,  also,  several  trenches.  The  outcrop  (Plate  I B)  is  a  decomposed  mass  of 
iron  and  copper  minerals,  chiefly  limonite,  manganite,  malachite,  and  azurite,  and 
judging  from  the  material  which  had  been  excavated  from  the  adit,  the  chief  minerak 
present  are  pyrite,  arsenopyrite,  galena,  sphalerite,  chalcopyrite,  limonite,  siderite, 
manganite,  and  calcite.  The  galena,  apparently,  occurs  in  streaks  and  small  masses 
in  the  other  gangue  minerals  and,  judging  from  the  material  on  the  dump,  these 
streaks  would  reach  a  width  of  6  to  8  inches.  The  mineralized  outcrop  is  50  feet  wide 
and  can  be  traced  on  the  surface  for  440  feet,  and  occasional  patches  of  float  show  that 
the  vein  continues.  When,  however,  the  fault  passes  out  of  the  limestone  the  Assure 
is,  apparently,  filled  with  a  fault  breccia  composed  of  broken  schist,  apparently  barren. 
Passing  downward  in  the  series  the  character  of  the  fault  is  unknown,  as  its  track  is 
covered  by  forest  growth. 

A  sample  of  the  galena  on  the  dump  was  picked  so  as  to  represent  as  nearly  an 
possible  the  best  of  the  material  in  sight  Although  such  a  sample  in  no  way  repre- 
sents the  average  content  of  the  ore,  it  gives  useful  information  as  to  the  ratio  of 
ounces  of  silver  to  one  per  cent  lead.    This  assayed: 

Gold Nil 

SUver 76  00  ozs.  per  ton 

Lead 56  SS'^r 

It  is  manifestly  impossible  to  make  a  fair  estimate  of  the  value  of  this  property, 
as  deductions  made  from  the  weathered  outcrop  are  sure  to  be  misleading.  The  vein 
is  a  large  one — the  widest  noted  in  the  Davidson  Mountain  group — and  it  extendi 
probably  for  2,000  feet,  but  the  character  and  extent  of  any  ore-bodies  it  contains 
cannot  be  judged  from  the  few  tons  of  material  on  the  dump. 

Conclusions 

The  ores  of  Stand-to  hill.  Rambler  hill,  and  mount  Cameron — and  in  fact  of  all 
the  other  prospects  noted  in  Davidson  mountains — ^are  strikingly  similar  in  mode  of 
occurrence  and  mineralization.  They  also  resemble  the  Keno  Hill  ores  in  many  ways. 
Keno  hill  is  5  miles  away  directly  across  Ladue  valley  from  Stand-to  hill.  There  are, 
however,  marked  differences  between  the  Davidson  Mountain  ores  and  those  of  Keno 
hill,  the  former  being  much  lower  in  their  silver  content  and  mineralization.  The  Keno 
Hill  ores  almost  invariably  show  a  silver  content  of  3  or  4  ounces  to  1  per  cent  lead, 
whereas  the  highest  obtained  during  the  past  summer  from  the  Davidson  Mountain 
ores  was  1*33  ounces  to  1  per  cent  lead.  This  is  due  to  the  fact  that  the  Keno  Hill 
ores  contain  freibergite,  a  rich  copi)er-silver  salt,  whereas  in  the  others  chalcopyrite, 
probably  carrying  little  or  no  silver,  is  present.  The  cause  of  this  difference  in 
mineralization  is  not  yet  apparent. 

In  considering  these  properties  from  an  economic  standpoint  it  must  be  borne 
in  mind  that  the  deciding  factor  at  the  present  time  is  the  cost  of  transportation. 
Under  present  conditions  it  is  doubtful  if  ore  or  concentrates  could  be  successfully 
shipped  unless  the  content  realized  at  least  $100  per  ton.  Ore  cannot  be  hauled  66 
miles  by  sled  and  then  ©hipped  eeveral  hundred  miles  to  a  smelter  unless  that  ore  is 
extremely  rich — a  condition  which  the  deposits  in  the  Davidson  motlntains  do  not 
fulfil. 
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UPPER  KITZAULT  VALLEY,  BRITISH  COLUMBIA 

By  George  Hcmson 
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INTRODUCTION 

During  the  field  season  of  1921  a  detailed  investigation  was  made  of  the  geology 
and  mineral  deposits  of  the  Upper  Kitzault  Valley  map-area.  This  area  which  lies  ut 
the  headwaters  of  Kitzault  river,  16  miles  north  of  Alice  Arm,  B.C.,  is  mineralized 
with  quartz  veins  carrying  values  in  silver.  Two  mines,  the  Dolly  Varden  and  North 
Star,  have  shipped  ore,  the  production  from  the  Dolly  Varden  amounting  to  1,304,411 
ounces  of  silver.  The  area  lies  a  few  miles  east  of  the  eastern  contact  of  the  Coast 
Kange  batholith  and  is  part  of  the  great  mineral  belt  that  fringes  this  edge  of  the 
batholith.  It  was  the  writer's  purpose  to  examine  these  mineral  deposits,  ascertain 
if  possible  their  mode  of  origin  and  relation  to  the  geological  formations  of  the  district^ 
and  to  map  these  formations  for  the  encouragement  and  direction  of  further  pros- 
pecting in  this  and  adjoining  districts. 

The  district  had  not  been  examined  previously  by  the  Oeological  Survey,  although 
in  1893  J.  E.  McEvoy  mapped  the  shore  geology  of  Alice  Arm^  and  in  1911,  R.  G. 
McConnelP  did  some  further  geological  mapping  along  Alice  arm  and  reported  upon 
the  mineral  deposits  at  the  head  of  the  arm.  Kitzault  district  has  also  been  described 
in  the  Annual  Reports  of  the  Minister  of  Mines,  British  Columbia,  for  1913,  and  from 
1915  to  1921. 

The  topographic  map  prepared  in  1920  by  W,  H.  Miller  was  used  as  a  base  for 
mapping  the  geology.  R.  W.  Goranson  and  F.  Buckle  gave  efficient  assistance  in  the 
field.  The  writer  wishes  further  to  express  his  indebtedness  to  C.  B.  North  and  the 
officials  of  the  Taylor  Mining  Company  for  their  many  courtesies  and  for  the  complete 
information  placed  at  his  disposal,  also  to  D.  W.  Cameron,  P.  Anderson,  the  officials 
of  the  Consolidated  Homestake  Mining  and  Development  Company,  and  to  other 
holders  of  mineral  claims  for  courtesies  and  helpful  information. 

GENERAL  CHARACTER  OF  THE  DISTRICT 

Upper  Kitzault  Valley  map-area  embraces  about  50  square  miles  and  lies  about 
16  miles  north  of  Alice  arm.  It  is  within  the  drainage  basin  of  Kitzault  river,  which 
flows  into  Alice  arm  at  the  town  of  Alice  Arm,  a  calling  point  for  boats  of  the  Union 
Steamship  Company.     The  Grand  Trunk  Pacific  Steamship  Company  maintains  a 

1  Geol.  Surv.,  Can.,  Ann.  RepH.,   189S,  p.   13  A. 
2GeoL  Surv.,  Can.,  Mem.  32,  1913,  pp.  81-94. 
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regular  service  to  Anyoz,  and  there  is  a  tri-weekly  boat  service  between  Anjox  and 
Alice  Arm.  A  narrow-gauge  railway  runs  from  the  wharf  at  Alice  Arm  up  Kitzault 
valley  to  Camp  8,  a  distance  of  16  miles. 

The  district  surrounding  the  mai>-area  is  characterized  by  the  steep-sided  vaUeT-s 
and  rugged  peaks  typical  of  Coast  Bange  topography.  The  relief  in  the  district  itself, 
however,  is  not  great,  the  highest  mountain  being  5,450  feet  above  sea-level.  All  the 
mountain  tops  are  rounded.    The  lowest  point  in  the  area  is  850  feet  above  sea-level. 

The  steep  sides  of  Alice  arm  are  somewhat  straight  and  show  no  projecting  spurs. 
Alice  arm  has  the  appearance  of  a  typical  glacially  eroded  valley.  The  valley  of  iit- 
zault  river,  however,  does  not  appear  to  have  any  features  of  glacial  erosion  except 
in  its  upper  part.  The  same  is  true  of  its  two  largest  tributaries,  whidi  head  in  glaciers. 
Boulder  clay  is  found  on  the  banks  of  Kitzault  river  as  far  as  a  mile  south  of  the 
glacier,  and  above  this  point  the  valley  is  U-shaped.  Evindsen  and  West  Fork  creeks 
also  are  U-shaped  for  a  short  distance  below  the  present  glaciers.  It  would  seem  that 
all  the  canyons  in  the  district  were  cut  by  running  water. 

Continental  glaciation  has  been  effective  up  to  elevations  of  over  5,400  feet  above 
sea-level,  as  shown  by  glacial  striae  and  foreign  boulders.  Although  there  is  this 
indisputable  evidence  for  widespread  glaciation,  the  valleys  show  features  of  glacial 
erosion  only  in  their  upper  parts.  Following  continental  glaciation,  the  Kitzault 
glacier  was  probably  almost  stagnant  and,  therefore,  woiild  not  be  an  effective 
agent  of  erosion.  It  is  possible  that  the  first  ice-sheet  disappeared  entirely  and  that 
there  was  a  second  and  much  more  limited  epoch  of  glaciation  which  fiUed  only  the 
higher  valleys.    The  present  glaciers  are,  apparently,  remnants  of  the  second  period. 

The  chief  streams  are  Kitzault  river,  and  its  tributaries  Evindsen,  West  Fork, 
Clearwater,  and  Trout  creeks.  Clearwater  and  Trout  creeks  head  in  small  lakes  on 
the  low  divide,  2,700  feet  above  sea-level,  between  Kitzault  and  Nass  rivers.  The  other 
streams  mentioned  head  in  glaciers.  Practically  all  the  streams  in  the  area,  except 
Kitzault  river,  flow  in  steep  canyons  in  the  lower  parts  of  their  courses.  All  the 
tributaries  with  the  exception  of  Trout  creek  enter  the  Kitzault  at  a  steep  grade.  Trout 
creek  has  the  characteristic  of  a  hanging  valley  in  that  it  tumbles  into  Kitzault 
Valley  bottom,  in  a  series  of  falls  and  cascades  500  feet  high. 

Kitzault  river  heads  in  Kitzault  glacier,  flows  in  a  steep  but  shallow  canyon  for 
1^  miles,  then  continues  in  a  broad  valley  as  a  shallow  stream  for  about  3  miles.  One- 
quarter  of  a  mile  north  of  the  mouth  of  Evindsen  creek  it  again  enters  a  canyon, 
through  which  it  flows  for  3  miles.  Below  this  it  is  a  broad,  shallow  stream  to  Alice 
Arm,  with  the  exception  of  a  short  canyon  7  miles  from  its  mouth.  The  river  follows 
very  closely  the  strike  of  the  surrounding  rocks. 

It  is  apparent  that  most  of  the  minor  details  of  topography  in  the  map-area,  such 
as  canyons  and  low  eminences,  have  resulted  from  the  unequal  resistance  to  erosion. 
From  the  combined  topographic  and  geological  map  it  will  be  seen  that  eminences, 
such  as  Combination  mountain,  Dolly  Varden  hill,  and  the  low  peaks  to  the  south- 
east, are  composed  of  rocks  of  the  Dolly  Varden  formation.  The  rocks  of  this  forma* 
tion  are  harder  and  more  resistant  to  erosion  than  the  sediments  of  the  Kitzault 
River  formation.  The  same  relation  between  eminences  and  character  of  rock  is 
seen  in  the  area  between  Trout  lake  and  Kitzault  river.  The  low  i>ass  to  Nass  river 
is  underlain  by  soft  rocks. 

Where  Kitzault  river  cuts  through  rocks  of  the  Dolly  Varden  formation  it  flows 
in  a  canyon;  where  argillite  forms  the  banks  the  river  is  shallow  and  broad.  The 
softer  rocks  are  cut  away  easily  to  form  a  broad  valley,  and  to  keep  a  uniform  grade 
the  stream  cuts  canyons  in  the  more  resistant  rocks. 

The  climate  is  temperate.  The  summers  are  never  very  hot,  and  the  temperature 
in  winter  does  not  fall  much  below  zero.  Precipitation  is  heavy  throughout  the  year. 
July  is  usually  a  clear  sunny  month  and  September  is  occasionally  fine.  As  a  general 
rule  June  and  August  are  showery.  A  winter's  snow  usually  attains  a  depth  of  15 
feet  in  the  valleys.  Spring  and  summer  are  late.  By  the  first  of  June  snow  still 
covers  thi5  rocks  down  to  a  line  about  2,000  feet  above  sea-level. 
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GENERAL  GEOLOGY 

QENEBAL  STATEMENT 

The  eastern  contact  of  the  Coast  Eange  batholith  lies  a  few  miles  west  of  the 
map-area,  which  is  located  in  the  great  mineral  belt  that  fringes  the  batholith.  This 
eastern  mineral  belt  has  been  investigated  by  the  Geological  Surv^  in  many  places^. 
That  part  of  the  belt  lying  between  Unuk  river  on  the  northwest,  and  Skeena  river 
on  the  southeast,  a  distance  of  150  miles,  has  been  examined  at  XJnuk  river.  Bear  river, 
Salmon  river,  Alice  arm,  Nass  river,  and  Skeena  river. 

Alice  arm  lies  midway  between  TJnuk  and  Skeena  rivers.  In  order  to  give  the 
relation  of  the  area  to  the  whole  region  the  geology  along  the  belt  will  be  briefly 
summarized. 

The  eastern  contact  of  the  Coast  Kange  batholith  tr^ids  northwesterly  and  the 
rocks  bordering  the  intrusives  on  the  east  strike  roughly  parallel  to  the  contact  On 
Unuk  river  the  rocks  are  chiefly  sedimentary.  Along  Bear  river  two  sedimentary 
formations  are  found,  one  underlying  and  one  overlying  a  thick  series  of  volcanic 
frafirmental  rocks  (Bear  Eiver  formation).  In  Salmon  Eiver  district  a  sedimentary 
series  overlies  the  Bear  River  volcanics.  Here  there  are  also  sills  of  quartz  porphyry 
of  late  Jurassic  age.  In  Kitzault  River  district  a  sedimentary  series  overlies  volcanic 
rocks  similar  to  the  Bear  River  formation.  The  rocks  along  Nass  river  are  chiefly 
sedimentary.  This  sedimentary  series  is  apparently  of  the  same  age  as  the  sediments 
overlying  the  volcanic  rocks  to  the  north.  In  Skeena  River  area,  volcanic  rocks 
occur  similar  in  many  ways  to  those  farther  north.  Here  again  sedimentary  rocks 
overlie  the  volcanic  series. 

It  is  believed  that  the  volcanic  rocks  along  this  belt  are,  in  the  main,  of  Jurassic 
age.  The  overlying  sedimentary  rocks  are  probably  of  Jurassic  age  along  the  greater 
pert  of  the  belt.  The  sediments  on  Skeena  river  and  also  north  to  the  Groundhog 
district  are,  however,  of  Lower  Cretaceous  age.  It  seems  probable  that  the  belt  under 
discussion  rose  out  of  the  sea  at  the  end  of  the  Jurassic  period  and  that  sedimentation 
continued  along  its  eastern  flank. 

The  geological  formations  in  Upper  Kitzault  valley  have  been  classified  tentatively 
as  follows: 

Tahh  of  FormaiionB 


Period 

Formation 

Lithology 

Qoftternary 

Pleistocene  and 
Recent 

iWright,  P.  R,  'rrhe  Unuk  River  Mlninfir  Region/*  Geol.  Surv..  Can.,  Sum.  Rept.,  1906. 
pp.  46-53. 

Schofleld,  &  J.,  and  Hanson,  George,  "Salmon  River  District'*,  Geol.  Surv.,  Can.,  Sum. 
Rept.,  1920,  pp.  6  A-12  A. 

O'NeUl,  J.  J..  ••  Salmon  River  District,"  Geol.  Surv.,  Can.,  Sum.  Rept.,  1919,  pp.  7  B-12  B. 

HcConnell,  R.  G.  "Portland  Canal  District",  GeoL  Surv.,  Can.,  Mem.   32,   1913. 

McBvoy,  J.,  Geol.  Surv..  Can.,  Ann.  Rept,  1893,  pp.  13  A-16  A. 

HcConiiell,  R.  G.,  "Prince  Rupert  and  SIceena  River**,  Geol.  Surv.,  Can.,  Guide  Book  No. 
10,  pp.  6-36,  1913. 

MacKenxie,  J.  D..  "Telkwa  Valley  and  Vicinity,**  Geol.  Surv.,  Can.,  Sum.  Rept,,  1915,  pp. 
ft*€9. 

Also  papers  by  W.  W.  Leach  in  the  Summary  ReporU  of  1906-1910,  and  G.  a  lialloch  in 
the  Summary  Report  of  1911. 
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Table  of  Formations — Continued 
Unconformity 


Post-Jurassic  ( ?) 

Lamprophsrre  and  diabase  dykes 

Intruaive  contact 

Jurassic  

LamoroDhvre  and  diabase  dvkes 

Intrusive  contact 

Mesoioio 

Kitiault  River 
formation 

Argillites  (fossiliferous).  thickness  2,600 

+  feet 

Dolly  Varden 
formation 

A«rlomAr&tM  and  tuflfa.  thickness  3.000 

-H  feet 

(Base  unexposed) 


The  formations  have  been  given  local  names.  When  the  areas  intervening  between 
Kitzault  River  district  and  other  known  areas  are  mapped,  the  names  here  proposed 
can  probably  be  discarded  in  favour  of  other  well-established  names. 

DESCRIPTIONS  OF  FORMATIONS 

Dolly  Varden  Formation.  The  name  is  taken  from  the  Dolly  Varden  mine  which 
has  been  the  outstanding  mining  property  in  the  district.  This  formation  underlies 
about  one-half  of  the  area  of  the  district.  The  main  body  of  the  formation  crosses 
the  area  in  a  northwest-southeast  band  1)  miles  wide.  Another  area  outcrops  south 
of  Clearwater  creek. 

The  formation  consists  chiefly  of  purple  and  green  fragmental  rocks  probably 
over  3,000  feet  in  thickness.  TufTs  and  breccias  predominate,  but  there  are  some 
andesite  flows.    The  rocks  of  the  formation  are  known  locally  as  andesites. 

The  green  members  of  the  series  contain  fragments  of  porphyrite,  tuff,  feldspar, 
and  quartz.  The  rocks  are  very  much  weathered.  Calcite  is  the  most  abundant 
alteration  product;  sericite  and  chlorite  are  fairly  plentiful,  but  epidote  is  rare.  The 
purple  rocks  are  of  much  the  same  mineral  composition  as  the  green  members,  but 
they  appear  to  contain  more  magnetite.  Vermilion  red  tuffs  of  the  series  contain 
a  good  deal  of  hematite  in  the  matrix  between  the  fragments  of  the  tuff.  A  thin 
section  of  an  augite  andesite  flow  showed  a  content  of  andesine  and  augite  with 
magnetite  as  an  accessory  mineral.  Epidote  and  chlorite  are  the  chief  alteration 
products.  Sericite  and  calcite  are  not  common.  A  flow  structure  is  evident  in  the 
arrangement  of  the  feldspar  laths. 

The  rocks  are  in  general  massive  and  their  structural  relations  are  not  as  a  rule 
evident.  In  only  a  few  places  was  it  possible  to  determine  the  attitude  of  the  beds. 
The  rocks  are  very  similar  in  composition  and  lack  of  structure  to  the  Bear  River 
formation  of  Portland  Canal  district,  and  also  to  the  Kitsalas  formation  and  parts  of 
the  Hazelton  group  along  Skeena  river. 

A  belt  of  rocks  known  locally  as  the  copper  belt  enters  the  area  mapped  west  of 
the  Kitzault  glacier  and  extends  southeasterly  to  Evindsen  creek.  The  belt  is  one- 
fourth  to  one-half  a  mile  wide.  It  is  bordered  on  the  east  by  argillite  of  the  Kitzault 
River  formation  and  on  the  west  by  the  Dolly  Varden  formation.  Another  similar 
belt  of  rocks  enters  the  mapped  area  at  the  junction  of  Kitzault  river  and  Homestead 
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creek  and  extends  northwesterly  for  a  short  distance  north  of  Eyindsen  creek.  This 
belt  is  bounded  on  the  east  by  the  Dolly  Yarden  formation  and  on  the  west  by  argill- 
ites.  The  rocks  of  these  belts  contain  a  great  deal  of  disseminated  pyrite,  and,  con- 
sequently, the  weathered  outcrops  are  conspicuous  and  are  easily  distinguishable 
from  a  distance  by  their  reddish-brown  colour. 

The  rocks  are  severely  sheared  and  weathered,  and,  consequently,  are  not  easy 
to  determine.  Grey  tuffs  and  breccias,  apparently,  predominate.  Diorite  appears  to 
be  present  in  the  northern  belt.  Tuffaceous  sediments  and  quartzite  are  also  present. 
In  many  places  the  rocks  contain  a  great  deal  of  calcium  carbonate  and,  particularly 
in  the  southern  belt,  frequently  effervesce  readily  with  cold  dilute  hydrochloric  acid. 

Lithologically  the  two  belts  are  very  much  alike  and  probably  belong  to  one 
horizon.  The  western  border  of  the  northern  belt  is  gradational.  The  writer  was 
unable  to  determine  whether  the  copper  belts  were  part  of  the  Dolly  Yarden  formation 
or  a  separate  formation  and  thought  best  to  include  them  with  the  Dolly  Yarden 
formation.  McConnell  in  his  traverse  from  Bear  river  to  Meziaden  lake,  found  that 
the  Bear  River  formation  where  overlain  by  the  Nass  formation  on  the  east,  con- 
tained a  rusty  band  one-half  mile  wide  along  the  contact.^  The  area  mentioned  is 
about  15  miles  north  of  the  Eitzault  area  and  the  same  belt  may  extend  through  the 
intervening  unexplored  area.    Future  work  in  adjacent  areas  may  settle  this  problem. 

Kittault  River  FormcUion,  A  series  of  sedimentary  rocks  consisting  chiefly  of 
black  argillites  overlies  the  Dolly  Yarden  formation  to  the  north,  northeast,  and  east, 
and  occurs,  also,  in  a  band  along  Kitzault  river.  The  thickness  is  estimated  at  over 
2,500  feet.  This  series  may  yet  prove  to  be  the  Nass  formation,  found  15  miles  to 
the  north,  but  for  the  present  it  is  given  the  local  name,  Kitzault  River  formation. 
At  the  northwestern  and  southwestern  comers  of  the  mapped  area,  argillites,  sand- 
stones, and  conglomerates  are  found.  These  rocks  are  coarser  than  the  argillites  to 
the  east,  but  they  appear  to  overlie  the  Dolly  Yarden  formation.  They  have  been 
mapped  as  part  of  the  Kitzault  River  formation.  To  the  south  of  the  map-area  these 
western  sediments  which  have  an  easterly  dip  extend  to  Alice  Arm  and  along  the 
railway.     The  contacts  of  this  eouthern  part  have  not  been  studied. 

Wherever  the  dips  of  the  rocks  of  the  Dolly  Yarden  formc^tion  could  be  observed 
near  the  contact  with  the  argillites  the  strike  and  dip  of  both  formations  are  con- 
cordant. If  the  copper  belt,  however,  is  at  a  certain  horizon  in  the  Dolly  Yarden 
formation  and  not  a  result  of  hydrothermal  alteration,  it  is  very  likely  that  locally  at 
least,  the  Eitzault  River  formation  lies  unconformably  on  the  volcanic  series.  In 
several  places  at  the  base  of  the  Eitzault  River  formation  tuffs  and  sediments  are 
interbedded.  This  favours  the  view  that  the  sedimentary  period  succeeded  the  vol- 
canic period  gradually,  and  that  though  there  may  be  local  imconformities,  the 
argillites  are  in  the  main  conformable  on  the  series  of  extrusive  rocks. 

Stratigraphically  above  the  interbedded  tuffs  and  sediments  and  at  the  base  of  the 
argillite  series  is  a  fairly  continuous  band  of  greywacke  and  quartzite  about  100  feet 
thick.  The  greywacke  consists  of  poorly  assorted,  irregular  grains  of  feldspar,  quarts 
biotite,  and  rock  fragments.  Calclte  is  the  common  alteration  mineral.  Above  this 
band  the  rocks  are  almost  entirely  argillite.  A  few  narrow  bands  of  chert  and  slate 
pebble  conglomerates,  and  narrow  bands  of  sandstone  are  present.  No  limestone  beds 
were  found  in  the  series,  but  some  of  the  sediments  are  very  calcareous.  The  argillites 
contain  angular  quartz  and  feldspar  grains  embedded  in  a  black,  fine-grained  matrix. 
Much  of  the  argillite  is  heavy  bedded,  but  in  some  places,  thin  bands  of  black  arg^illite 
alternate  with  thin  beds  of  argillaceous  sandstone. 

Fossils  from  the  sandstone  members  of  the  transition  zone  of  interbedded  tuffs 
and  sediments  at  the  base  of  the  Kitzault  River  formation  were  identified  by  F.  H. 
McLeam  aa  Chryphcea  sp.,  Oxytoma  sp.,  Belemnites  sp.,  and  RhynchoneUa  sp.  Mr. 
McLeam  writes:  ^'It  is  regrettable  that  in  the  present  stage  of  study  of  the  Mesozoic 

iMcConnell,  R.  G.,  Geol.  Surv.,  Can.,  Mem.  32,  1913.  pp.  75-76. 
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of  British  Columbia  a  more  exact  report  cannot  be  g^ven.  It  can  be  said,  however, 
that  the  above  fauna  is  certainly  either  Jurassic  or  Cretaceous  and  very  probably 
Jurassic." 

Lamprophyre  Dyhes.  Intrusive  into  the  rocks  previously  mentioned  are  numerous 
lamprophyre  dykes.  The  rock  is  black  and  resembles  diabase,  but  very  few  typical 
diabase  dykes  are  present  Thin  sections  from  some  of  the  dykes  contain  albite- 
oligoclase  feldspar  laths,  a  little  orthoclase,  rare  quartz,  and  numerous  long,  well- 
formed  crystals  of  light  brown  hornblende.  Others  contain  oligoclase-andesine  feld- 
spar laths  and  augite.  Apatite,  present  as  long  slender  needles,  is  a  common  accessory 
mineral  in  all  these  dykes.  Chlorite  and  calcite  are  the  usual  alteration  products. 
Some  of  the  dykes  are  cut  by  mineral  veins;  others  cut  mineral  veins,  but  are  cut 
by  faults.    Others  are  later  than  both  the  veins  and  faults. 

Some  of  the  dykes,  therefore,  are  apparently  of  Jurassic  age  and  some  are  post- 
Jurassic. 

Pleistocene  and  Recent  Glacial  drift  is  not  plentiful.  Boulder  clay  on  the  banks 
of  Kitzatflt  river  is  50  feet  thick  for  a  mile  below  the  glacier,  and  is  also  found  on 
the  hillside  east  of  Camp  8. 

Stratified  sands  and  clays  occur  south  of  the  map-area  about  9  miles  north  of 
Alice  Arm  and  about  400  feet  above  sea-level.  Similar  deposits  have  been  found  at 
this  level  in  several  inlets  along  the  coast  Marine  fossil  shells  were  found  in  similar 
clays  along  Bear  river^. 

STRUCTURE 

In  Kitzault  River  district,  as  elsewhere  along  the  borders  of  the  Coast  batholith. 
the  rocks  strike  roughly  parallel  to  the  contact  of  the  intrusive  mass.  In  this  area 
the  strike  is  approximately  north  25  degrees  west  Structures  showing  the  attitude 
of  the  beds  of  the  Dolly  Varden  formation  are  scarce.  On  Combination  mountain, 
between  Evindsen  creek  and  the  West  Fork  of  Kitzault  river,  the  breccias  dip  to  the 
west,  and  here  the  argillites  €Lnd  the  volcanics  appear  to  be  conformable.  Similar 
relations  exiet  at  the  eastern  contact  of  the  small  area  of  tuff  extending  southeast 
from  Kitzault  glacier. 

The  area  of  argillite  outcropping  along  Kitzault  river  between  Evindsen  creek 
aud  Kitzault  glacier  is  a  canoe-diaped  syncline.  This  area  joins  with  the  north- 
east dipping  sediments  north  of  Clearwater  creek  and  also  with  the  large  area  of 
sedimentary  rocks  east  of  Kitzault  valley.  The  sediments  along  the  western  part 
of  the  sheet  dip  to  the  west.     These  areas  were  probably  originally  continuous. 

It  is  believed  that  an  anticline  crosses  Combination  mountain.  A  syncline  exists 
along  Kitzault  valley,  and  part  of  the  sediments  are  still  preserved  here.  This  is 
succeeded  by  another  anticline  between  Trout  lake  and  Kitzault  river.  Folding, 
transverse  to  the  main  structural  lines,  caused  the  formation  of  a  transverse  anti- 
cline at  the  mouth  of  Evindsen  creek,  This  is  succeeded  by  a  transverse  syncline 
about  a  mile  farther  north. 

Judging  from  the  number  of  faults  encountered  in  mine  workings,  the  district 
has  been  subjected  to  a  great  deal  of  faulting.  The  greatest  horizontal  offset  noted 
was  160  feet.  The  throw  may  have  been  much  greater  than  this.  Most  of  the  faults 
have  a  north-south  trend  and  most  of  these  are  reverse  faults.  Several  faults  with 
an  eaet-west  trend  were  observed.  The  only  place  where  faulting  could  be  studied 
was  underground;  consequently,  the  data  obtained  were  not  complete  enough  for  the 
working  out  of  the  nature  of  the  regional  movements  which  produced  the  faults. 

ECONOMIC  GEOLOGY 

DISCOVERY 

Before  the  advent  of  the  railway,  the  upper  parts  of  Kitzault  valley  were  diffi- 
cult of  access.  The  canyons  and  steep  slopes  could  not  be  travelled.  For  this  reason, 
although  many  mineral  claims  were  located  around  Alice  arm  in  1901,  it  was  not 


1  McConnell,  R.G.,  op.  cit..  p.  22. 
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until  l&ll  that  any  mineral  claim  was  located  on  the  upper  waters  of  Kitzault  river 
(Figure  2).  The  first  claim  recorded  was  the  Dolly  Varden,  staked  by  Eyindsen, 
Pearson,  and  partners.  The  other  claims  staked  were  located  in  the  copper  belt 
Not  until  after  1918  was  attention  directed  to  the  properties  located  in  the  breccias 
and  tuffs. 

The  proi>ertie3  in  the  district  were  described  in  the  Heport  of  the  Minister  of 
Mines,  B.C.  in  1913.  Since  1915  descriptions  of  the  district  have  been  given  each 
year. 

Production 


1919 

1920 
1921 


42  tons 

6,668  " 

27  " 

93  " 

27.944  " 

1,862 


Yielding    60,562  osb.  silver. 
376.662       " 
968       " 
82,298      " 
749,340      " 
45.647 


Also  a  small  shipment  from  the  North  Star. 


Dolly  Varden 

u 

North  Star 
Dolly  Varden 


GENERAL   STATEMENT 

The  primary  veins  and  replacements  in  the  district  were  formed  during  the 
closing  stages  of  igneous  activity  of  the  Coast  batholith.  The  metals  and  much  of 
the  accompanying  vein  matter  were  derived  probably  from  ascending,  or  hypogene» 
solutions.  The  primary  vein  matter  now  exposed  at  the  surface  was  formed, 
apparently,  several  thousand  feet  below  the  surface.  Since  then  erosion  has  stripped 
off  rock  several  thousand  feet  in  thickness.  The  rock  was  weathered  and  disinte- 
grated more  rapidly  than  it  was  removed.  The  metals  from  the  outcropping  veins 
were,  consequently,  dissolved  and  the  solutions  seeped  downward  along  the  easiest 
passageways.  Solution,  chemical  reaction,  and  replacement  went  on,  resulting  in 
eecondaiy  minerals  being  deposited  by  these  surface,  or  supergene,  solutions.  The 
process  continued  until  Pleistocene  time,  and  in  eeveral  places  deposits  of  secondary 
silver  ore  were  formed.  Pleistocene  erosion  stripped  off  all  the  oxidized  part  of  the 
veins  and  probably  part  of  the  enriched  portion,  leaving  the  veins  practically  as  they 
are  today.  It  is  possible  that  nuggets  of  silver  removed  by  Pleistocene  erosion  still 
remain  in  Kitzault  river. 

The  mineral  deposits  have  been  classified  as  follows  :^ 
Quarts  veins  and  replacements  in  the  volcanic  frafirmental  rocks. 
Quartz  veins  and  replacements  In  the  copper  bolt. 
Quartz  veins  in  the  sedimentary  rocks. 

Upper  Kitzault  vall^  is  only  a  small  part  of  the  area  examined  by  Mr.  Tumbull, 
but  the  classification  is  suitable. 

l^ot  all  the  claims  in  the  district  were  examined.  A  brief  description  follows  of 
those  properties  visited,  and  other  descriptions  can  be  found  in  the  British  Columbia 
reports  for  1913,  and  1915-1921. 


QUARTZ  VEINS  AND  REPLACEMENTS  IN  VOLCANIC  FRAQMENTAL  ROCKS 

All  these  properties — ^which  are  noted  for  their  content  in  silver — are  located  in 
the  Dolly  Varden  formation,  exclusive  of  the  copper  belt,  and  all  of  these  lie  either 
in  the  green  or  grey  members  of  the  formation,  or  at  the  contact  between  these  rocka 
and  purple  breccias.  The  veins  contain  a  moderate  proportion  of  metallic  minerals 
and  where  the  values  are  high  in  silver  the  mineralization  is  usually  native  silver, 
ruby  silver,  argentite,  etc.  High  values  from  a  galena  or  grey  copper  ore  are  not  so 
common. 

In  some  of  these  properties  barite  and  jasper  are  common  gangue  minerals.  The 
richer  silver  veins  have,  however,  a  quartzose  gangue.    It  is  probable  that  the  barite 

1  Tumbull,  J.  M..  "Alice  Arm  District".  Ann.  Rept.  Minister  of  Mines,  B.C..  pp.  K  58-K  88, 
19X0. 
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Ficrure  2.     Diagrram  showing  location  of  mining  properties  in  Upper  Kitzault  valley,  B.C. 


Digitized  by 


Google 


15  a 

formed  during  the  period  of  primary  mineralization,  and  that  it  did  not  contain 
metallic  minerals.  Secondary  ore  is  formed  chiefly  by  the  replacement  of  primary  ore; 
consequently,  even  after  secondary  enrichment,  the  barite  would  not  contain  much 
ore.  Further,  quartzose  vein  matter,  being  brittle,  might  fracture  more  readily  than 
barite,  and  surface  solutions  would  then  penetrate  the  quartzose  gangue  more  easily. 

North  Stat'ToriC'Ruby  Mineral  Zone 

This  zone  appears  to  be  continuous  northward  from  the  Dolly  Varden  through  the 
North  Star  to  the  Tone,  where  it  bends  sharply  (at  Kitzault  river)  and  extends  south- 
eastward through  the  Toric  and  Ruby  groups,  beyond  which  it  has  not  been  traced. 
This  zone  lies  in  grey  breccia  and  has  a  hanging-wall  of  purple  breccia.  It  is  of 
indefinite  width,  up  to  perhaps  150  feet  in  some  places.  It  is  not  mineralized  through- 
out its  entire  width,  but  is  simply  a  zone  in  which  quartz  barite  veins  lie  roughly  paral- 
lel to  the  contact  with  the  overlying  purple  breccia.  The  rocks  along  the  zone  appear 
to  be  folded  into  a  northerly  plunging  anticline.  The  Tone  is  located  at  the  apex, 
the  Buby  on  the  eastern  limb,  and  the  North  Star  on  the  western  limb  of  the  anti- 
cline. The  veins  are  in  general  bedded  veins;  that  is,  th^  are  parallel  to  the  strike 
and  dip  of  the  enclosing  rocks. 

This  zone  may  pinch  out  in  Dolly  Varden  ground  or  it  may  be  the  eastern  exten- 
sion of  the  Dolly  Varden  zone  faulted  into  its  present  position,  or  interrupted  by  a 
northerly-plunging  syncline.  No  evidence  was  found  to  show  that  the  zone  was  faulted 
here  and  it  probably  continues  for  some  distance  past  the  Buby  group  to  the  southeast. 
The  vein  in  the  Tiger  group  may  belong  to  this  zone,  as  a  syncline  passing  between 
the  Ruby  and  the  Tiger  group  could  bring  this  about.  Further  field  work  is  necessary, 
however,  to  settle  these  problems. 

The  North  Star  group  is  controlled  by  the  Alice  Arm  Silver  Mining  Co.,  Ltd. 
Development  consists  of  open-cuts  and  250  feet  of  tunnel.  The  North  Star  vein  has 
a  north-south  strike  and  dips  steeply  to  the  west.  The  country  rock  is  grey  breccia, 
although  purple  breccias  are  present  50  feet  west  of  the  vein.  Lamprophyre  dykes 
parallel  the  vein  and  in  some  places  form  its  foot  or  hanging-wall.  Faulting  has 
taken  place,  but  development  has  not  been  extensive  enough  to  ascertain  whether 
the  parts  of  the  vein  observed  are  one  vein  faulted,  or  two  veins.  The  vein  is  4  to 
12  feet  wide  and  has  been  traced  for  over  500  feet 

Silver  is  the  metal  extracted.  Where  mining  has  been  carried  on  the  vein  is 
essentially  a  quartz-pyrite  vein  carrying  the  silver  minerals  ruby  silver,  native  silver, 
and  argentite.  Lower  down  the  hill  toward  the  Toric,  the  vein  changes  in  character 
and  becomes  essentially  a  barite  vein  containing  a  little  galena  and  small  amounts 
of  silver. 

The  Toric  group  is  owned  by  Strombeck  Bros.  Development  consists  of  a  number 
of  open-cuts  and  90  feet  of  tunnel.  Two  or  more  veins  are  exposed  striking  southeast 
and  dipping  to  the  northeast.  The  main  vein  is  4  to  12  feet  wide  and  has  been  traced 
for  over  600  feet.  At  Kitzault  river  the  vein  consists  almost  entirely  of  barite. 
Around  the  tunnels  and  more  promising  stripping  is  a  jasper-bar ite  quartz  vein.  The 
jasper-barite  vein  matter  is  beautifully  banded,  forming  irregular  crustification  pat- 
terns. Parts  of  the  vein  contain  numerous  irregular  fragments  of  rock  cemented  by 
jasper  and  barite.  In  several  places  thin  bands  of  barite  and  jasper  alternate  with 
thin  seams  of  galena.  Metallic  minerals  are  not  prominent  in  the  barite-jasper 
gangue,  but  some  of  this  vein  matter  carries  about  20  ounces  of  silver  per  ton. 
During  the  summer  of  1921  a  new  ore-shoot  was  uncovered  within  the  main  vein. 
This  shoot  contains  native  silver,  ruby  silver,  galena,  etc.,  in  a  gangue  of  quartz. 
The  values  are  high. 

The  Buhy  group  is  owned  by  T.  W.  Shackelton.  Development  consists  of  a  fcv 
open-cuts  and  110  feet  of  tunnel.  The  foot-wall  is  a  greeaish,  and  the  hanging-wall 
a  purple  breccia.     The  vein  matter  consists  almost  entirely  of  quartz.     Pyrite  is 
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present  but  other  minerals  are  rare.  The  vein  is  4  to  8  feet  wide  and  is  parallel  to 
the  strike  and  also  apparently  to  the  dip  of  the  enclosing  rocks.  Open-cuts  extend 
for  an  horizontal  distance  of  860  feet  and  appear  to  be  on  the  same  vein. 

Dolly  Varden  Mineral  Zone 

This  is  a  zone  of  grey  breccia  underlying  a  series  of  purple  fragmental  rocks. 
Quartz  veins  in  the  zone  are,  in  general,  parallel  to  the  strike  of  the  rocks.  The  Dolly 
Yarden  vein  is  one  of  these  veins.  Its  western  extension  has  not  been  traced  b^ond 
the  Dolly  Yarden  claims,  but  the  zone  in  which  it  is  located  appears  to  continue  west 
to  Evindsen  creek  through  either  the  Silver  Tip  or  Royal  groups  or  through  both. 
The  eastern  part  of  the  vein  is  cut  off  by  a  fault,  which  offsets  the  vein  east  of  this  in 
a  southern  direction. 

The  Dolly  Yarden  group  is  owned  by  the  Taylor  Mining  Co.  Development  con- 
sists of  open-cuts,  7,000  feet  of  tunnels,  raises,  etc.,  and  a  good  deal  of  diamond  dril- 
ling. The  main  vein  strikes  roughly  eaet  and  west  and  dips  60  degrees  to  the  north 
(Figure  3).  It  lies  in  part  along  the  contact  between  a  purple  and  green  breccia  and 
in  part  in  the  latter  rock.  The  primary  vein  matter  was  deposited  from  aecending 
solutions.  The  process  of  vein  formation  was  accompanied  by  a  considerable  develop- 
ment of  pyrite,  and  some  quartz  and  sericite,  in  the  foot-wall.  The  purple  breccia 
hanging-wall  has  not  been  altered  by  solutions  accompanying  ore  deposition. 

Numerous  reverse  faults  with  a  north-south  strike  and  a  steep  westerly  dip  offset 
the  vein.  Later  normal  faults  with  approximately  the  same  strike  and  dip  also  cut 
the  vein ;  consequently  the  vein  outcrops  as  a  series  of  disjointed  blocks  30  to  200  feet 
in  length.  The  greatest  horizontal  offset  along  faults  in  the  mine,  workings  is  160 
feet.  Horizontal  faults  are  also  present.  Lamprophyre  dykes  cut  the  vein,  some  of 
which  antedate  and  some  postdate  the  faults.  Mining  is  rather  a  complicated  pro- 
ceeding. 

The  vein  has  been  traced  for  1,500  feet,  but  the  eastern  300  feet  has  not  been 
developed  underground.  Mining  has  been  carried  on  in  the  four  fault  blocks  adjoin- 
ing this,  an  horizontal  distance  of  300  feet.  The  western  extension  of  900  feet  has  not 
been  developed  underground  except  at  the  western  end  where  some  diamond  drilling 
was  done.    This  vein  varies  from  8  to  over  20  feet  in  width. 

About  100  feet  north  of  the  western  extension  another  quartz  vein  is  exposed,  but 
has  not  been  investigated.  Another  large  body  of  quartz  and  brecciated  rock  cemented 
with  quartz  extends  into  the  Dolly  Yarden  ground  from  the  North  Star  claims. 
This  body  has  been  tested  in  two  places  by  diamond  drilling. 

The  main  vein  is  essentially  a  silver-bearing  quartz-pyrite  vein.  Pyrite  is 
fairly  abundant.  Zinc  blende,  galena,  chalcopyrite,  and  tetrahedrite,  are  rare.  The 
ore  extracted  contained  a  good  deal  of  native  silver,  ruby  silver,  and  argentite. 
Quartz  is  the  predominant  gangue  mineral,  but  calcite,  barite,  and  jasper  are  present 
in  small  amounts.  Barite  is  plentiful  in  some  parts  of  the  vein,  but  was  not  common 
in  the  ore  extracted. 

In  the  upper  workings,  native  silver,  ruby  silver,  and  argentite  were  plaitiful  and 
occurred  in  plates  and  seams  as  much  as  a  quarter  of  an  inch  in  thickness,  and  in 
numerous  irregular  masses.  In  the  deeper  workings,  the  native  silver  occurred  in 
thin  flakes  and  wires,  and  the  other  silver  minerals  as  well  were  found  chiefly  in 
minute  fractures.  It  is  believed  that  the  ore  mined  was  essentially  secondary,  i.e.  it 
was  the  result  of  enrichment  of  primary  vein  matter  by  descending  surface  solutions. 
The  thick  plates  of  silver,  etc.,  near  the  surface,  represent  intensive  enrichment.  The 
thin  flakes  and  wires  of  silver  are  near  the  bottom  of  the  enriched  zone  where  second- 
ary action  was  dying  out 

Ore  has  been  worked  to  a  depth  of  ^40  feet ;  36,60^  tons  yielding  1,304,411  ounces 
of  flilvet  have  been  shipped  since  1919.     One  shipment  of  42  tons  in  190.9'  yielded 
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1,202  ounces  of  silver  per  ton.    The  lowest  grade  ore  shipped  yielded  ^  ounces  silver 
per  ton.^ 

Other  Properties 

The  Tiger  group  is  owned  by  Ed.  Pickett  Development  consists  of  a  number  of 
open-cuts,  185  feet  of  tunnel,  and  about  1,600  feet  of  diamond  drilling.  The  country 
rock  is  a  hard,  grey,  fine-grained  tuff.  The  vein  is  4  feet  to  18  feet  wide  striking 
north  80  degrees  east  and  dipping  steeply  to  the  northwest  It  has  been  traced  on 
the  surface  for  several  hundred  feet.  The  vein  has  been  faulted  into  four  or  more 
blocks  by  faults  having  an  east-west  trend.  Mineralization  consists  of  pyrite,  and  a 
little  galena  and  zinc  blende,  in  a  gangue  of  quartz.  Kuby  silver  and  native  silver 
occur  locally  in  small  quantities.  Assays  of  samples  across  18  feet  of  vein  matter 
have  run  as  high  as  88  ounces  of  silver  per  ton,  but  in  most  places  where  samples 
have  been  taken  across  the  vein  the  values  have  been  lower.  Apparently  much  of  the 
vein  is  low  grade,  although  in  places  high  grade  material  has  been  obtained. 

The  Wolf  group  is  owned  by  the  Taylor  Mining  Company.  Development  con- 
sists of  a  large  number  of  open-cuts,  a  tunnel  85  feet  long,  and  several  thousand  feet 
of  diamond  drilling.  The  country  rock  is  a  grey  breccia.  The  property  was  only 
hastily  examined ;  it  contains,  probably,  only  two  veins,  but  faulting  has  so  dislocated 
them  that  they  appear  to  be  three.  They  vary  in  width  from  10  to  50  feet  and  are 
the  largest  known  in  the  district,  being  1,600  feet  long,  as  proved  by  open-cuts.  The 
metallic  minerals  are  chiefly  pyrite,  and  some  galena,  ruby  silver,  and  native  silver. 
Development  has  not  shown  very  high  values  in  silver,  but  it  has  indicated  a 
large  body  of  possible  ore  of  moderate  to  low  grade.  One  vein  strikes  north  TO 
degrees  east  and  apparently  dips  to  the  northwest ;  the  other  strikes  north  20  degrees 
east  and  has  a  westerly  dip. 

The  Musketeer  group  is  owned  by  A.  D.  Meenach.  Development  consists  of  a 
few  open-cuts  and  185  feet  of  tunnel. 

The  country  rock  is  a  hard,  fine-grained  tuff  and  appears  to  contain  some  sedi- 
mentary material.  The  tunnel  is  in  part  a  drift  along  the  southwestern  side  of  a 
vein  striking  south  60  degrees  east.  A  crosscut  penetrates  about  50  feet  of  mineral- 
ized rock.  Although  a  good  deal  of  work  has  been  done  the  size  and  attitude  of  the 
vein  or  veins  are  not  clear.  The  mineralization  is  much  like  that  of  the  Toric  vein, 
in  that  it  contains  a  good  deal  of  jasper  and  barite  as  well  as  quartz.  The  metallic 
minerals  are  pyrite,  chalcopyrite,  galena,  and  zinc  blende.  Fair  values  in  silver  have 
been  shown  in  assays. 

The  Moose  group  is  owned  by  D.  W.  Cameron,  M.  Donald,  and  associates. 
Development  consists  of  a  number  of  open-cuts  and  over  300  feet  of  tunnel.  The 
country  rock  is  a  medium  to  fine-grained  grey  tuff.  The  vein  varies  in  width  from 
4  to  18  feet  It  strikes  due  east,  dips  steeply  to  the  north  (Figure  4)  and  has  been 
traced  for  450  feet.  Development  has  shown  that  the  vein  has  been  broken  by  two 
/sets  of  faults,  one  with  a  north-south  strike,  and  one  with  an  east-west  strike.  The 
lower  tunnel  has  developed  the  ore-body  200  feet  below  the  outcrop.  The  metallic 
minerals  are  essentially  pyrite,  tetrahedrite,  and  galena  in  quartz.  It  is  probable  that 
silver  minerals  are  present  Picked  samples  from  the  surface  have  assayed  over  200 
ounces  silver  to  the  ton.  The  vein  has  not  been  sampled  very  extensively  under- 
ground, but  at  one  crosscut  150  feet  below  the  surface,  5}  feet  along  the  hanging- 
wall  assayed  over  17  ounces  silver  per  ton. 

The  David  Copperfield  group  is  owned  by  W.  McLean.  Development  consists 
of  a  number  of  open-cuts  and  a  short  tunnel.  The  country  rock  at  the  eastern  side 
of  the  property  is  a  green  tuffaceous  sediment.    On  the  western  side  of  the  rocks  are 

iFor  further  details  of  the  Dolly  Varden  mine  the  reader  is  referred  to  the  Reports  of  the 
Minister  of  Mines  of  British  Columbia,  1915-1921,  and  especially  for  evidence  for  secondary 
enrichment  to  a  paper  by  the  writer  on  the  Dolly  Varden  mine,  which  was  presented  at  the 
Annual  Meeting:  of  the  British  Columbia  Division  of  the  Canadian  Institute  of  Minlner  and 
Metallurgy  in  Vancouver  in  February,  1922,  and  which  will  appear  in  an  early  number  of  the 
Bulletin  of  the  C.I.M.M. 
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tuffs  and  breccias.  The  vein  varies  from  a  few  feet  to  12  feet  in  width  and  is  com- 
poeed  of  quartz,  barit«,  calcite,  galena,  zinc  blende,  and  pyrite.  Low  values  in  silver 
have  been  obtained.  Metallic  minerals  are  not  plentiful.  From  the  eastern  boundary 
of  the  group  the  vein  extends  northwesterly  for  perhaps  a  thousand  feet  On  the 
east  it  passes  into  the  Surprise  claims  which  adjoin  the  Pavid  Copperfield.  Here  the 
vein  is  split  up  into  a  number  of  quartz-barite  veins  separated  by  tuffaceous  sedi- 
mentary rocks. 
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Figure  4.     Plan  showing  ore  deposit  and  lower  tunnel,  Moose  property.  Upper  Kltsault 

valley,  B.C. 

The  Last  Chance  group  is  owned  by  A.  McPhail  and  P.  Morley.  Development 
consists  of  open-cuts,  a  tunnel,  and  dianjond  drilling.  The  vein  is  in  the  volcanic 
rocks  near  the  contact  with  the  sedimentary  rocks.  The  owners  believe  that  the 
lead  has  a  strike  of  about  north  80  degrees  west,  and  state  that  it  has  been  traced 
for  600  feet.  In  several  places  the  lead  is  evidenlHy  a  crushed  and  brecciated  zone 
cemented  by  vein  matter  and  in  some  places  is  15  feet  or  more  wide.  The  metallic 
minerals  are  chiefly  pyrite,  galena,  and  tetrahedrite.  The  gangue  minerals  are 
quartz,  barite,  jasper,  and  calcite.  High  assay  values  have  been  obtained  from  picked 
specimens. 

Gk)od  mineral  specimens  were  seen  from  the  Climax,  Mr.  Hauberks  claims,  and 
other  claims  in  the  district,  but,  since  the  writer's  examination  of  these  properties 
was  very  brief,  they  will  not  be  described  here. 

QUARTZ  VEIKS  AND  REPLACEMENTS   IN   THE  COPPER  BELT 

Profperties  of  this  type  are  quartz  veins  and  carry  low  values  in  silver,  but  in 
some  places  good  values  in  copper.  Most  of  the  veins  or  lodes  in  the  copper  belt 
have  apparently  been  formed  along  brecciated  zones  and  shear  zones.    Low  values  in 
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gold  are  reported,  and  in  eome  of  the  properties  the  mineralized  zones  are  simply 
bands  of  country  rock  carrying  dieseminated  pyrite  and  chalcopyrite.  Irregular 
gashes  and  small  lenses  of  chalcopyrite  are  found  in  a  few  places. 

The  Homesiake  group,  owned  by  A.  Dayideon  and  partners,  is  now  being  developed 
under  option  by  the  Consolidated  Homestake  Mining  and  Development  'Co.,  Ltd. 
Development  conaiste  of  a  number  of  ox)en-cuts  and  tunnels.  The  country  rock  is 
apparently  a  fine-grained  breccia  of  the  copper  belt.  The  property  contains  several 
quartz  veins,  of  which  the  two  largest  have  apparently  been  traced  over  several 
claims.  The  width  of  the  veins  in  some  places  exceeds  50  feet.  This  width  is  not 
entirely  vein  matter  but  consists  of  a  few  closely  spaced  veins.  In  some  places  the 
vein  matter  is  over  a  width  of  20  feet.  The  strike  of  the  veins  is  roughly  northwest. 
The  veins  or  lodes  appear  to  represent  mineralization  along  brecciated  zones  and 
shear  zones.  Operationfi  on  a  large  scale  might  be  carried  on  here  if  the  values  are 
high  enough.  The  mineralization  consists  chiefly  of  pyrite,  chalcopyrite,  galena, 
and  zinc  blende,  in  a  gangue  of  quartz. 

The  Vangttard  group  is  owned  by  Morris  Peterson  and  Strombeck  Brothers. 
Development  consists  of  open-cuts  and  170  feet  of  tunnel.  The  country  rock  is  a 
grey  breccia  of  the  copper  belt  Mineralization  here  appears  to  be  in  lenses  or 
lenticular  veins.  In  one  place  about  6  feet  and  in  another  place  3  feet  of  almost 
pure  chalcopyrite  is  exposed.  The  strike  of  the  ore-shoots  was  not  clear  to  the  writer 
from  his  brief  examination.  The  tunnels,  driven  under  the  best  exposures,  show 
disappointing  results.  There  may  be  a  number  of  small,  high-grade  lenses,  however, 
and  faults  are  likely  to  be  present.  Careful  work  in  outlining  the  ore-bodies  on  the 
surface  might  well  repay  the  owners.  The  most  important  mineral  is  chalcopyrite. 
Pyrite  is  fairly  common  and  a  little  galena  is  present.  The  ore  also  contains  values 
in  silver  and  gold. 

The  Copper  Cliff  group  is  owned  by  A.  Davidson  and  partners.  Development  con- 
sists of  open-cuts,  50  feet  of  tunnel,  and  some  diamond  drilling.  The  country  rock  is 
grey  in  places  resembling  a  diorite  and  in  others  a  tuffaceous  sandstone.  The  work- 
ings are  near  the  contact  with  the  slates  on  the  east.  The  grey  country  rock  contains 
a  good  deal  of  disseminated  pyrite  and  some  chalcopyrite.  At  the  time  of  the  writer's 
visit  snow  filled  most  of  the  cuts,  but  it  was  evident  that  the  ore  here  was  of  a  dis- 
seminated type.     The  mineralized  zone  is  several  hundred  feet  wide. 

The  Racehorse  and  Combination  groups  are  owned  by  Chas.  Swanson  and  partner. 
Development  in  the  former  consists  of  open-cuts  and  72  feet  of  tunnel,  and  in  the 
latter,  of  open-cuts  and  136  feet  of  tunnel.  The  workings  of  these  two  groups  lie 
along  the  same  mineral  zone  and  appear  to  be  on  the  same  vein.  The  country  rodk 
is  a  grey  breccia  and  coarse  tuffaceous  sandstone  of  the  copper  belt.  The  cuts  are 
located  on  a  quartz  vein  striking  about  north  05  degrees  west  The  vein  averages 
about  10  feet  wide,  but  in  some  places  is  wider.  The  tunnel  on  the  Combination 
group  crosscuts  over  20  feet  of  vein  matter.  In  plaoes  the  vein  is  solid  quartz,  but  in 
a  few  places  it  appears  to  be  an  imperfect  replacement  along  a  brecciated  zone.  Small 
masses  of  chalcopyrite  are  found  locally,  but  the  whole  seems  to  be  very  low  grade. 
The  metallic  minerals  are  pyrite  and  chalcopyrite.  The  vein  has  been  traced  for 
3,000  feet  in  a  northwesterly  direction  from  the  Combination  tunnel.  ' 

The  Redpoint  and  Wildcat  groups  are  owned  by  Evindsen  and  partners,  and  by  A. 
Davidson  and  partners.  On  the  Redpoint  a  broad  zone  contains  disseminated  pyrite, 
chalcopyrite,  pyrrhotite,  and  also  some  quartz  veins.  The  mineralization  on  the  Wild- 
cat is  pyrite,  chalcopyrite,  galena,  and  zinc  blende,  chiefly  as  disseminations  and 
irregular  gash  veins. 

QUARTZ    VEINS    IN    THE    SEDIMENTARY    ROCKS 

In  Upper  Eitzault  valley  these  veins  contain  low  values  in  gold  and  silver,  but 
the  veins  of  this  type  have  not  been  developed  to  any  great  extent  They  are  in 
general  either  stringer  leads  or  lenticular  veins  lying  parallel  to  the  strUce  and  dip  of 
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the  enclosing  sediments.  Persistent  veins  crosscutting  the  strike  of  the  sediments  are 
less  common.  A  common  feature  of  the  veins  ifi  the  presence  of  numerous  fragments 
of  argillite  enclosed  in  the  quartz. 

The  Second  Thought  group  is  owned  by  Geo.  Casey  and  J.  Graham.  Develop- 
ment consists  of  open-cuts  and  35  feet  of  tunnel.  The  mineralization  is  in  quartz 
veine  lying  parallel  to  the  dip  and  strike  of  the  country  rock,  which  is  a  black  argillite. 
Two  veins,  4  to  6  feet  wide,  are  known.  In  moet  placee  these  veins  are  eplit  Tup 
into  a  number  of  closely  spaced  veinlets.  The  vein  matter  is  white  vitreous  quartz 
containing  numerous  inclusions  of  argillite.  Metallic  minerals  are  scarce,  but  it  is 
claimed  that  some  samples  have  yielded  high  values  in  silver  and  gold.  Values  are 
evidently  very  sporadic.  It  is  interesting  to  note  that  the  Esperanza  mine  at  AMce 
Arm  which  has  been  worked  on  a  small  scale  for  a  number  of  years,  obtains  its  ore 
from  a  quartz  vein  in  an  argillite  country  rock. 

The  Columbia  group  is  owned  by  P.  Anderson.  Development  consists  of  a  number 
of  open-cuts  and  about  100  feet  of  tunnel.  The  country  rock  is  argillite  striking 
east-west  and  dipping  north.  T^wo  veins  are  exposed  on  the  property.  The  larger 
one  is  10  to  15  feet  wide  of  fairly  solid  white  quartz,  and  is  very  uniform  and  per- 
sistent. The  veins  strike  north-south  cutting  the  argillites  at  right  angles  to  their 
strike.  Metallic  minerals  are  scarce.  Assay  values  up  to  $6  in  gold  have  been 
obtained. 

Several  properties  in  the  argillites  were  not  visited. 


PROSPECTING 

The  following  remarks  apply  to  upper  Kitzault  valley. 

The  volcanic  fragmental  rocks  of  the  Dolly  Varden  formation  are  worth  prospect- 
ing for  silver-'bearing  veins.  The  purple  and  red  members  of  this  formation  do  not 
appear  to  contain  any  silver  veins,  the  grey  or  green  members  containing  all  the 
known  silver  veins  in  the  district. 

Secondary  enrichment  has  not  proceeded  at  a  uniform  rate  throughout  any  area, 
nor  even  in  any  particular  vein.  Consequently,  if  a  vein  is  stripped  in  a  few  isolated 
places  and  found  to  be  too  low  grade  for  mining  in  these  places,  it  does  not  follow  that 
the  intervening  parts  of  the  vein  are  also  of  low  grade,  and  vice  versa.  In  prospecting 
the  silver-bearing  veins  in  the  district,  thorough  surface  examination  is  of  the  greatest 
value. 

Surface  prospecting  would  probably  be  of  value  along  the  Dolly  Varden  mineral 
zone,  the  North  Star,  Toric,  Ruby  mineral  zone,  and  the  extension  of  the  Ruby  zone. 

If  the  values  are  contained  in  a  native  silver,  ruby  silver  ore,  it  is  probable  the 
silver  content  will  decrease  in  depth.  Where  the  silver  is  contains!  in  a  grey  copper, 
galena  ore,  the  values  will  probably  be  more  persistent  in  depth. 

Where  surface  ores  contain  thick  plates  and  leaves  of  silver  and  similar  seams 
of  ruby  silver,  and  where  fracturing  has  been  extensive,  high  values  can  be  expected 
to  continue  to  greater  depth  than  where  surface  ores  contain  very  thin  flakes  of  native 
silver,  etc. 

It  is  worthy  of  note  that  the  high-grade  silver  values  are  obtained  from  a  siliceous 
ore.    In  barite  veins,  the  higher  grade  vein  matter  is  found  in  quartzoee  shoots. 
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INTRODUCTION 

The  field  seaBon  of  19>21  was  spent  in  making  a  shore-line  geological  map  of  the 
coast  and  islands  of  British  Columbia  lying  between  Burke  channel  and  Kitimat,  and 
examining  the  mineral  deposits  of  this  die^rict  This  work  ie  a  continuation  of  that 
begun  by  O.  E.  LeBoy^  in  1906,  continued  by  J.  Austen  Bancroft'  in  IWI,  and  by 
B.  P.  D.  Ghraham^  in  1906  who  completed  the  shore-line  mapping  aa  far  as  Bella 
Coola,  at  the  head  of  Burke  channeL  Three  monthe  of  1921  were  epent  in  the  field, 
two  weeks  of  which  were  devoted  to  the  study  of  Surf  Inlet  gold  mine,  which  is  one 
of  the  large  producers  of  the  province.  Admiralty  charts  on  a  scale  of  approximately 
4  miles  to  the  inch  served  as  a  base  for  geological  mapping,  and  the  work  was  con- 
fined chiefiy  to  the  shore-line. 

Almost  no  previous  geological  work  has  been  done  in  the  regrion.  The  only 
published  information  on  the  country  is  in  brief  descriptions  in  the  recent  numbers 
of  the  Annual  Exports  of  the  Minister  of  Mines  of  British  Columbia  of  the  mineral 
deposits  of  the  coimtry,  and  a  short  description  of  the  whole  coast  region  by  B.  O. 
MoConnell.^ 

M.  Ef.  Huret  and  D.  H.  Bae  assisted  in  the  work,  the  former  taking  charge  of  the 
shore-line  mapping  while  the  writer  was  at  Surf  inlet.  Much  assistance  was  also 
received  from  the  miners  and  prospectors  of  the  district,  and  the  writer  is  particularly 
grateful  to  Mr.  F.  H.  Penn,  superintendent,  and  Mr.  P.  W.  Bacey,  mining  engineer, 
at  Surf  Inlet  mine,  for  their  friendly  co-oi>eration  and  assistance.  The  writer  is 
also  indebted  to  Mr.  J.  Eoski  for  information  as  to  the  hot  springs  of  the  district 
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GENERAL  CHARACTER  OF  THE  DISTRICT 

Climate  and  Population.  The  eection  of  the  coast  dealt  with  in  this  report 
(Figures  6  and  6)  lies  for  the  most  part  between  the  northern  end  of  Vancouver 
island  and  the  southern  end  of  Queen  Charlotte  islands  and  is,  therefore,  unprotected 
from  the  full  sweep  of  the  Pacific  ocean.  Because  of  this  and  also  because  of  the 
high  Coast  Range  mountains  the  district  has  an  excessive  rainfall,  averaging  in 
places  as  much  as  200  inches  annually.  The  temperature  is,  however,  very  even  and, 
for  such  high  latitudes,  rather  moderate.  There  is  little  frost  except  at  the  heads  of 
the  longer  inlets  which  are  occasionally  frozen  over.  Where  the  rocky  slopes  of  the 
mountains  are  not  too  steep  and  where  they  are  protected  from  strong  ocean  gales, 
vegetation  is  luxuriant  and  large  timber  is  plentiful  up  to  elevations  of  2,000  or 
3,000  feet 

The  population  is  sparse,  the  great  majority  being  employed  in  the  large  pulp 
and  paper  mills  at  Ocean  Falls  and  Swanson  Bay  and  llieir  attendant  logging  camps. 
The  six  canneries  of  the  district  supi>ort  a  small  number  of  fishermen;  the  rSurf 
Inlet  mine  has  a  camp  of  over  200  inhabitants;  the  Drum  Lummon  mine  has  a  much 
smaller  camp  and  there  are  a  few  prospectors  and  trappers  in  the  remoter  parts.  The 
only  arable  land  is  found  in  the  broad  valley9  at  the  ends  of  the  larger  inlets,  and  in 
two  of  these,  namely  Bella  Coola  and  Kitimat,  there  are  small  agricultural  eettle- 
ments.  The  six  or  seven  Indian  villages  in  the  district  contain  a  population  of  about 
1,000. 

Shoreline.  The  shoreline  of  this  part  of  the  coast  is  extremely  irregular.  It 
•consists  of  an  intricate  network  of  channels,  bays,  and  inlets,  which  form  numerous 
islands  and  extend  far  inland;  conditions  which  admirably  facilitate  a  geological 
study  of  the  district  from  its  shoreline.  The  channels  may  be  classified  into:  (1) 
large  fiords  1  to  8  miles  in  width,  which  reach  inland  for  40  to  100  miles;  and  (2) 
the  smaller  but  more  numerous  channels  lying  closer  to  the  ocean. 

The  fiords  are  the  most  striking  feature  of  the  British  Columbia  coast,  and  for 
size  and  grandeur  are  unequalledy  except,  perhaps,  by  the  fiords  of  Norway.  They 
range  in  width  from  1  to  3  miles.  The  shores  are  usually  fairly  parallel,  with  few 
enlargements  or  constrictions  and  scarcely  any  small  indentations.  They  form  lofty 
rock  walls  so  steep  as  often  to  appear  perpendicular,  and  generally  rising  shear  from 
the  water's  edge  to  culminate  in  snow-capped  peaks  4,000  to  7,000  feet  high.  This 
steepness  is  as  marked  below  the  surface  of  the  water  as  above.  Depths  as  great  as 
300  fathoms  have  been  recorded,  and  even  greater  depths  may  exist  in  the  larger 
fiords,  which  have  not  been  sounded.  Anchorages  are  consequently  few  and  difficult 
to  find.  Some  of  these  large  inlets  are  unusually  long.  For  example,  Burke  channel 
extends  for  &3  miles  well  into  the  heart  of  the  Coast  range.  Dean  channel  pene- 
trates the  range  to  a  distance  of  over  70  miles.  Host  notable  of  all  is  Gardiner 
canal,  the  head  of  which  is  about  160  miles  from  the  outer  coast  Some  of  these 
-channels  are  remarkably  straight;  others,  such  as  Roscoe  inlet  and  (Gardiner  canal, 
are  composed  of  a  number  of  long,  straight  reaches  at  rather  abrupt  angles  to  one 
smother. 

Near  the  outer  coast  much  smaller  channels  occur  in  such  numbers  that  they  form 
a  maze  of  intricate  passages  surrounding  numerous  islands.  These  are  narrow, 
•crooked,  and  shallow  with  numerous  obstructions*  and  many  of  them  are  still  unsur- 
veyed.  Because  of  these  characteristics  and  also  on  account  of  the  strong  tides  in 
many  of  them  they  are  somewhat  difficult  to  navigate.  The  shores  are  irregular,  low, 
and  rocky,  covered  with  stunted  trees  and  grass. 

There  are  conspicuous  marks  of  glaciation  everywhere  along  the  rocky  shores  in 
the  form  of  polished  surfaces,  striations,  and  grooves.  The  grooves  are  the  most 
striking.  They  are  best  seen  on  the  vertical  cliffs  where  they  are  often  a  foot  or  more 
deep  and  are  visible  over  1,000  feet  above  the  surface  of  the  water.  Whether  these 
;great  fiords  owe  iheir  origin  chiefly  to  glacial  action  is  a  much  disputed  problem. 
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There  is,  however,  no  doubt  that  during  the  Glacial  period  they  were  filled  with  ice 
to  a  depth  of  several  thousand  feet,  which,  with  the  rock  debris  which  the  ice  carried 
along  its  sides  and  floor  as  it  moved  for  centuries  seaward,  certainly  mtist  have  had  a 
great  influence  in  carving  them  into  their  present  form. 

Physiography,  Almost  the  entire  area  is  occupied  by  the  formidable  Coast  range 
of  the  Cordilleran  systenu  The  small  remaining  part  of  the  district  is  a  rolling 
lowland  fringing  the  outer  coast  and  composed  largely  of  islands.  The  drop  from 
the  high  upland  of  the  Coast  range^  to  this  narrow  lowland  is  very  abrupt. 

The  Coast  range  has  been  fully  described  by  Dawson^  and  Bancroft*.  It  extends 
along  the  Pacific  coast  from  the  delta  of  Fraser  river  to  the  head  of  lomn  canal,  a 
distance  of  about  900  miles,  and  has  a  width  of  from  50  to  100  miles^  From  Fraser 
river  to  about  latitude  51  it  trends  about  north  60  degrees  west,  but  from  this  point 
north  it  has  a  direction  about  north  30  degrees  west.  This  change  in  direction  causes 
it  to  diverge  farther  and  farther  from  the  Insular  system  of  the  Cordilleras,  in  which 
system  are  included  the  Vancouver  Island  mountains  and  the  Queen  Charlotte  moun- 
tains. The  rugged  granite  peaks  of  this  system  reach  elevations  of  from  4,000  to 
9,000  feet.  The  elevations  decrease  towards  the  shore,  gradually  at  first,  then  near 
the  mouths  of  the  larger  fiords  they  drop  abruptly  to  the  narrow  lowland  fringing  the 
coast,  whose  average  elevation  is  less  than  100  feet. 

The  lowland  occupies  a  strip  from  10  to  25  miles  wide  and  is  composed  largely  of 
islands.  Some  of  the  low  flat  islands  such  as  Aristasable,  Price,  and  Swindle  are  quite 
large.  Those  which  lie  farthest  seaward  are  only  sparsely  wooded  and  are  said  to 
have  considerable  land  suitable  for  grazing.  Those  examined  by  the  writer,  however, 
were  found  to  have  littfle  or  no  soil.  In  consequence  of  this  and  the  excessive  rainfall 
the  flat  parts  of  the  islands  are  occupied  by  vast  muskegs.  Attempts  made  several 
years  ago  to  raise  cattle  on  Aristazable  island  failed. 

GENERAL  GEOLOGY 

This  section  of  the  Pacific  coast  (Figures  6  and  6)  consists  largely  of  one  great 
formation,  the  Coast  Range  batholith.  More  than  nine-tenths  of  the  area  is  occupied 
by  the  quartz-diorites  and  related  plutonic  rocks  of  this  formation.  The  only  rocks 
older  than  the  batholith  are  a  few  relatively  small  inclusions  of  highly  metamorphosed 
volcanic  and  sedimentary  rocks  now  in  the  form  of  schist  or  gneiss.  The  only  rocks 
of  the  district  younger  than  the  batholith,  which  is  of  late  Jurassic  age,  are  volcanic 
dykes  of  late  Pliocene  or  early  Pleistocene  age  and  some  tuffs  and  flows  of  post- 
Pleistocene  age. 

PRE-BATHOUTHIC  ROCKS 

The  pre-batholithic  rocks  consist  of  about  thirty-five  small  inclusions  a  mile  or 
so  in  width  scattered  throughout  the  district,  and  three  much  larger  inclusions  which 
occur  towards  the  northern  part  of  the  district  and  project  beyond  it.  The  largest 
of  these  lies  in  the  vicinity  of  Douglas  and  Desolation  channels,  and  Gardiner  canal, 
and  is  probably  the  southern  extension  of  a  large  area  of  schist  which  lies  to  the 
noith  of  the  area  near  Prince  Rupert.  It  is  very  irregular  in  shape,  has  a  maximum 
width — on  Douglas  channel — of  10  miles,  and  extends  southeast  into  Gardiner  canal 
for  25  miles.  The  second  largest  inclusion  lies  south  of  this,  outcropping  along  Fraser 
and  Graham  reaches  for  21  miles.  The  smallest  of  the  three  inclusions  outcrops  for 
7i  miles  along  Bullock  channel. 

1  According  to  the  Sixteenth  Report  of  the  Geographic  Board  of  Canada,  the  term  "Coast 
range"  has  been  abandoned.  The  western  range  of  the  western  belt  of  the  Canadian  Cordilleras 
is  to  be  known  as  the  Insular  sytem,  and  the  eastern  range  of  the  western  belt  is  to  be 
known  as  the  Pacific  system.  The  Insular  system  includes  the  Vancouver  Island  mountains, 
the  Queen  Charlotte  mountains,  and  part  of  the  St.  Elias  mountains.  The  Pacific  system 
includes  the  Cascade,  Coast,  and  Bulkley  mountains  and  some  unnamed  ranges  and  groups. 

3  Dawson,  G.  M.,  •'Report  on  the  Northern  Part  of  Vancouver  Island  and  Adjacent  Coast," 
Geol.  Surv.,  Can. 

s  Bancroft,  Austen,  J.,  Geol.  Surv.,  Can..  Mem.   23,  p.  13. 
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The  less  metamorphosed  of  these  older  rocks  consist  of  andesite,  basalt,  aud 
breccias  of  a  basic  composition,  all  of  which  contain  considerable  chlorite,  mica,  and 
quartz,  and  are  somewhat  schistose.  A  few  more  acid  varieties  occur,  for  example, 
on  Bardswell  islands.  Here,  very  light-coloured  pyroclastic  rocks  are  composed  of 
angular  fragments  of  fine-grained  feldspathic  and  siliceous  volcanic  rocks.  In  many 
places,  particularly  in  the  southern  part  of  the  district,  the  volcanic  rocks  are  inter- 
bedded  with  beds  of  limestone  from  a  few  feet  up  to  50  feet  in  thickness.  This 
association  of  limestone  and  andesite  is  so  characteristic  of  the  Vancouver  volcanics 
which  are  widely  distributed  along  the  coast  to  the  south,  as  to  suggest  that  some, 
at  least,  of  these  renmants  belong  to  that  formation.  A  highly  metamorphosed 
conglomerate  containing  pebbles  of  limestone  up  to  8  inches  in  size  was  found  on 
the  west  shore  of  Mussel  inlet  near  the  south  end  of  Roderick  island.  The  other 
pebbles  consist  of  metamorphosed  volcanic  rock,  biotite  schist,  and  an  acid  plutonic 
rock,  composed  of  plagioclase,  quartz,  and  hornblende,  with  usually  a  segregation 
of  pyrite  in  the  centre. 

The  rooks  oompoering  the  large  inclusions  in  the  northern  part  of  the  district  are 
much  more  highly  metamorphosed,  and  consist  of  chlorite  schist,  biotite  gneiss,  and, 
in  places,  garnet  gneiss.  A  schist  which  contains  a  considerable  amount  of  finely 
disseminated  graphite  occurs  in  Poison  cove,  at  the  head  of  Mussel  inlet. 

The  strike  of  the  foliation  in  most  of  these  inclusions  conforms  in  general  with 
the  tectonic  lines  of  the  district  which  trend  north  10  degrees  to  40  degrees  west. 
The  most  notable  exception  to  this  rule  is  in  the  large  inclusion  outcropping  along 
Douglas  and  Desolation  channels,  where  the  strike  varies  from  north  00  degrees  to  85 
degrees  east.  The  baitho>lithic  rocks  in  the  vicinity  of  the  inclusions  have  a  well- 
developed  gneissic  structure  parallel  to  that  of  the  inclusions. 

AH  that  can  be  said  at  present  regarding  the  age  of  these  pre-batholithic  rocks 
is  that  some  of  them,  which  consist  of  interbedded  (limestone  and  andesite,  bear 
strong  lithologrical  resemblances  to,  and  are  probably  related  to  the  Vancouver 
volcanics  of  Upper  Triassic  age. 

OOAST  RANGE  BATHOLITH 

The  Coast  Range  batholith  is  the  principal  geological  feature  of  the  coast  r^on 
of  British  Columbia.  It  extends  from  Eraser  river  north  to  Alaska,  and  has  an 
average  width  of  over  100  miles.  It  occupies  over  90  per  cent  of  the  area  here 
described  (Figures  5  and  6)  and  has  a  width  of  over  75  miles.  Just  north  of  this 
area  there  is,  however,  a  marked  constriction  in  the  batholith  north  of  which  it 
gradually  narrows  for  the  remainder  of  its  length. 

The  rocks  composing  this  immense  intrusion  are  surprisingly  uniform  in  appear- 
ance and  composition  throughout,  and  in  the  district  under  present  consideration 
the  variations  were  found  to  be  too  slight  to  be  mapped.  The  most  typical  rock  of 
this  section  of  the  batholith  is  a  medium-grained,  light  grey  quartz  diorite,  consisting 
of  white  plagioclase,  quartz,  hornblende,  a  varying  amoimt  of  biotite,  little  or  no 
alkali  feldspar,  and,  in  places,  a  conspicuous  amount  of  honey-yellow  sphene.  The 
plagioclase  consists  of  andesine,  or  oligoclase-andesine,  and  very  rarely  a  little 
andesine-labradorite.  Quartz  forms  from  10  to  25  per  cent  of  the  rock  and  is  always 
one  of  the  later  minerals  to  crystallize.  The  hornblende,  which  is  a  constant  and 
plentiful  component,  is  a  peculiar  variety  and  decidedly  different  from  that  found  in 
the  batholithic  rocks  to  the  sourth.  In  thin  section  it  is  strongly  pleochroic  from  light 
yellowish  green  to  deep  greenish  blue,  and  has  extinction  angles  up  to  24  degrees. 
The  hornblende  of  the  batholithic  rocks  to  the  south  is  brownish  green  with  extinction 
angles  up  to  14  degrees.  The  alkali  feldspar  in  the  typical  Quartz  diorite  does  not 
exceed  1-5  per  cent.  Biotite  is  usually  present  in  small  amounts  and  occasional 
grrains  of  augite  are  found. 

The  most  common  variation  of  the  quartz-diorite  is  a  lighter  coloured  rock  with 
more  quartz,  a  more  acid  plagioclase,  and  decidedly  more  alkali  feldspar,  so  that  it 
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approaches  gnranodiorite  in  comi>o8ition.  Two  large  areas  of  such  rock  were  found, 
one  on  Labouchere  channel  and  the  neighbouring  parts  of  Dean  and  Burke  channels, 
and  the  other  at  the  head  of  EUerslie  channel.  The  rock  of  the  first-mentioned  area 
is  a  light  grey  to  almost  white,  medium-grained  granodiorite.  It  is  composed  of 
much  quartz,  oligoclase,  oligoclase-andesine,  muscovite,  and  alkali  feldspar,  with 
email  amounts  of  biotite,  hornblende,  and  augite.  The  a^aili  feldspar  is  chiefly 
orthoclase,  some  of  which  is  intergrown  with  the  quartz,  forming  microp^pnAtite. 
Considerable  microcline  is  also  present,  and  some  anorthoclase.  Microscopic  quan- 
titative determinations  were  made  of  the  relative  amoimts  of  alkali  feldspar  and 
live-alkali  feldspar,  by  immersing  powdered  samples  of  the  rock  in  a  liquid  with  an 
index  of  1*580,  which  lies  between  the  indices  of  these  two  groups  of  feldspars,  and 
then  applying  the  Bosiwal  method.  The  results  showed  about  four  times  as  much 
lime-alkali  feldspar  as  alkali  feldspar,  thus  fixing  the  classification  of  these  rocks  in 
the  granodiorite  family.  The  EUerslie  channel  granodiorite  is  similar  to  this,  but 
has  less  muscovite,  and  slightly  more  orthoclase,  giving  it  a  pinkish  colour.  The 
Labouchere  granodiorite  is  the  only  phase  of  the  Coast  Kange  batholith  known  by 
the  writer  to  contain  a  high  proportion  of  muscovite  and  a  relatively  low  proportion 
of  biotite  and  hornblende.  This  quality,  together  with  the  beautiful  white  colour 
and  medium,  fine,  even  grain  of  ^the  rock  makes  it  a  very  desirable  building  stone 
and  superior  to  any  other  rock  of  the  batholith. 

A  hornblende  granodiorite,  as  distinguished  from  the  above  biotite-muscovite 
granodiorite,  was  found  on  liijathieson  channel.  It  consists  of  quartz,  oligoclase, 
andesine,  hornblende,  microcline,  and  orthoclase,  with  a  small  amount  of  biotite. 

Pegmatitic  and  aplrtic  variations  are  not  common  in  the  southern  part  of  the 
batholith,  but  in  the  northern  part  of  this  district,  in  the  vicinity  of  T>ougl!as  channel 
and  on  Princess  Boyal  island,  they  are  fairly  plentiful,  and  are  associated  with  ihs 
gold  deposilt  of  the  Surf  Inlet  mine  and  the  copper-gold  defposits  of  the  Drum  Lummon 
mine.  Along  the  northwest  shore  of  Douglas  channel  between  Hartley  bay  and  Helen 
point  pegmatite  dykes  and  pipe-like  masses  of  pegmatite  are  numerous.  They  are 
composed  of  microcline,  orthoclase^  anorthoclase,  oligoclase,  albite,  perthite,  micropeg- 
matite,  quartz,  and  biotite  and  at  the  Drum  Lummon  mine  also  chalcocite,  bomite, 
chalcopyrite,  hematite,  and  gold.  The  microcline  and  orthoclase  occur  in  large  pink 
crystals  up  to  18  inches  in  length  and  were  deposited  earlier  than  the  quartz.  The 
anorthoclase  is  in  small  white  to  clear  euhedral  crystals  less  than  an  inch  in  size, 
and  closely  resembles  the  albite,  which  has  a  similar  colour  and  appearance  and 
is  not  always  twinned.  The  biotite  forms  large  thin  leaves  8  or  10  inches  in 
diameter,  which  occupy  fractures  in  the  feldspar  and  quartz.  The  quartz  varies  from 
a  small  amount  up  to  over  50  per  cent  of  the  vein  or  dyke.  It  is  one  of  the  latest 
minerals  to  form  and  is  almost  invariably  segregated  in  the  central  parts  of  the  dykes. 
In  the  dyke  at  the  Drum  Lummton  mine  a  small  cavity  in  the  quartz  was  found  filled 
with  laumontite.  This  mineral  is  somewhat  irregular  in  its  optical  properties,  having 
lower  indices  of  refraction  than  is  normally  foimd  and  extinction  angles  up  to  4^ 
degrees.  Some  well-developed  crystals  were  found  and  measured  by  E.  Poitevin, 
Mineralogical  Division,  and  several  of  the  typical  forms  of  laumontite  recognized, 
thus  proving  the  identity  of  the  species. 

None  of  the  minerals  of  the  rarer  elements  which  are  so  characteristic  of  pegma- 
tite dykes  were  found.  The  only  differences  between  the  pegmatites  and  the  normal 
country  rock  are  in  their  coarse  texture  and  much  higher  percentage  of  potash  and 
soda. 

Basic  variations  are  very  uncommon,  but  occur  in  the  vicinity  of  some  of  the 
more  basic  inclusions*  They  differ  from  the  normal  rock  by  having  no  quartz  and 
a  high  proportion  of  hornblende  which  gives  them  a  dark  grey  to  black  colour. 

In  a  great  many  places  the  batholithic  rocks  are  strongly  gneissic.  The  foliation 
is  parallel  to  tBat  of  the  indusibns,  varying  from  north  5  degrees  to  80  degrees  west. 
This  gneissic  banding  is  more  strongly  marked  in  the  vicinity  of  the  inclusions  and 
is  particularly  well  developed  in  and  about  the  Surf  Imlet  mine. 
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Faulting  in  the  batholithic  rocks  is  commonly  found.  The  most  strongly 
developed  fault  zone  in  the  district  is  at  Surf  Inlet  mine.  A  similar  one  occurs  in 
Kivers  bight,  a  large  inlet  on  the  west  shore  of  Princess  Royal  island,  and  about  13 
miles  to  the  north.  Both  of  these  are  strike  faults  and  have  shear  zones  up  to  50  feet 
in  width. 

The  age  of  the  batholith  is  generally  considered  to  be  late  Jurassic,  but  in  a  few 
localities  its  rocks  have  been  foimd  cutting  Cretaceous  sediments. 

BELLABELLA    FORMATION 

Along  the  north  shore  of  Denny  island,  in  the  vicinity  of  Bellabella,  the  batho- 
lithic and  older  rocks  are  cut  by  a  vast  number  of  peculiar  dykes  so  numerous  in 
places  that  the  older  rocks  are  completely  replaced.  East  of  this  locality  the  number 
of  these  dykes  diminishes  rapidly,  but  westward  they  occur  in  considerable  numbers 
as  far  as  Bardswell  islands  where  th^y  again  become  very  numerous.  West  and  north 
of  this  place  occasional  dykes  of  a  similar  composition  are  foimd  as  far  as  Douglas 
channel.  These  have  heea  grouped  in  one  formation  and  named  after  the  nearby 
settlement,  the  Bellabella  formation. 

Throughout  the  district  these  dykes  maintain  vertical  dip  and  a  fairly  uniform 
strike  of  north  5  to  85  degrees  west  Th^  are  occasionally  found  cutting  one  another 
and  in  general  the  more  basic  varieties  are  the  younger.  They  vary  in  width  from  a 
foot  or  less  up  to  150  feet. 

Some  of  the  later  members  are  very  similar  Hthologically  to  the  post-Pkistooene 
Tolcanics  found  on  Lady  and  Lake  islands,  which  lie  16  miles  northwest  of  Denny 
island  and  7  miles  north  of  Bardswell  islands.  Many  of  the  dykes  are  composed 
entirely  of  amorphoue  volcanic  glass  and  practically  «11  the  others  have  all  the  char- 
acteristics of  surface  flows.  These  facts  indicate  that  the  dykes  are  of  recent  date 
and  perhaps  related  to  the  post-Pleistocene  vokanios.  Some  of  the  larger  dykes  have 
glaciated  surfaces,  but  these  are  cut  by  more  recent  dykes  which  ehow  no  signs  ofv 
glaciation.  It  is  the  writer's  opinion  that  they  were  injected  during  a  period  extending 
from  late  Pliocene  to  late  and  probably  pos^  Pleistocene. 

The  dykes  of  this  formation  have  a  peculiar  and,  for  this  region,  a  unique 
petrology.  They  vary  from  black  diabases  or  basalts  through  andesites  and  trachytes 
to  highly  siliceous  rhyolites.  Many  of  them  are  abnormally  high  in  soda  and  abound 
in  such  minerals  as  riebeckite,  egirine,  segirine-augite,  anorthoclase,  and  albite.  They 
vary  in  texture  from  coarse  porphyries  with  phenocrysts  up  to  an  inch  in  length  to 
completely  amorphous  glass.  The  majority  are  exceedingly  flne-grained  and  possess 
most  of  the  characteristics  of  surface  flows  such  as  trichites,  globulites,  cumuHited, 
spherulites,  amygdules,  and  flow  structures.  Many  of  them  are  extremely  agglomeratic, 
containing  fragments  similar  to  the  dykes  themselves  and  also  fragments  and  pebbles 
of  quaitz  diorite. 

The  most  common  type  of  rock  found  in  this  formation,  and  the  only  one  which 
is  widely  distributed  in  the  district,  is  a  dark  to  black,  fine-grained  rock  which  weathers 
to  a  buff  colour  and  is  composed  chiefly  of  augite  imd  labradorite-^bytownite.  Dykes 
of  this  nature  have  an  exceptionally  well-developed  columnar  jointing.  The  columns 
lie  horizontally  and  weather  out  very  i>erf ectly,  giving  the  dyke  the  appearance  of  a 
pile  of  cordwood.  Many  examples  of  this  phenomenon  occur  in  the  district,  and  are 
just  as  striking  and  somewhat  similar  to  the  famous  Devil's  Wall  of  Oschitz,  Bohemia. 

Microscopically  the  rock  composing  these  dykes  is  a  medium  to  fine-grained 
mixture  of  dear  amber  coloured  labradorite-bytownite,  and  clear,  glassy,  brownish  or 
greenish,  augite  with  considerable  associated  browni^rh  glass  in  the  intercrystal  spaces 
and  in  veinleta  in  the  augite  and  feldspar  crystals.  It  is  this  glass  which  gives  the 
rode  its  peculiar  brownish  colour.  The  glass  occupying  the  intercrystal  spaces  is 
somewhat  devitrified  and  characterized  by  minute  radial  and  concentric  structures. 
The  feldspars  frequently  contain  very  fine  acicular  crystals  too  minute  to  identic  but 
which  are  probably  pyroxene. 
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Another  rock  type  similar  to  this  but  decidedly  porphyritic  is  also  found 
abundantly.  In  this  type  the  phenocrysts  are  mainly  of  dear,  fresh  labradorite,  but 
there  are  also  phenocryste  of  albite  which  are  thickly  clouded  with  sericite  and  in  the 
outer  portions  are  graphically  intergrown  with  the  groundmass  material.  Augite  also 
forms  phenocrysts  up  to  an  inch  in  size.  In  the  hand  specimens  these  are  dark 
brownish-green  and  of  glassy  lustre,  but  under  the  microscope  they  are  seen  to  be 
replaced  by  serpentine  glass  and  groundmass  material.  The  groundmass  consists  of 
augite,  andesine,  and  labradorite. 

A  rock  somewhat  similar  to  the  above  in  composition  but  very  different  in  appear- 
ance, and  in  some  respects  a  very  unusual  rock,  was  found  in  a  dyke  60  feet  wide  on 
Tree  island,  just  north  of  Benny  island.  It  consists  of  large,  clear,  glassy  phenocrysts 
of  feldspar  up  to  an  inch  in  length,  so  numerous  as  to  constitute  over  50  per  cent  of 
the  volume  of  the  rock,  enclosed  in  a  fine,  dense,  dark  brown  groundmass.  A  few 
equally  large  phenocrysts  of  augite  also  occur  but  these  are  much  shattered  and 
corroded.  The  feldspar  phenocrysts  consist  of  bytownite  and  anorthite,  principally 
the  latter,  in  which  the  anorthite  component  is  often  well  over  90  per  cent.  These 
phenocrysts  are  clear  and  glassy  except  for  included  veinlets  and  blebs  of  volcanio 
glass  and  groundmass  material.  Like  the  above  rocks  this  one  also  contains  feldspar 
phenocrysts  of  a  much  more  acid  type,  such  as  oligoclase  and  andesine,  which  are 
densely  clouded  with  sericite  and  an  opaque  alteration  product  which  is  frequently 
graphicalsly  intergrown  with  the  feldspar,  particularly  along  the  margins  of  the  crystals. 
The  groundmass  consists  of  labradorite,  andesine,  augite,  muoh  brownish  glass,  and  a 
still  larger  amoimt  of  brownish,  opaque  material  in  the  form  of  grains  and  rods,  which 
probably  consist  largely  of  iron  oxide. 

There  are  many  dykes  composed  of  a  dense,  dark-bluish  groundmass  that  contains 
fragments  of  similar  material,  fragments  of  quartz  and  feldspar,  and  a  great  many 
small,  peculiarly-shaped,  yellowish-green  masses.  Many  of  these  yellowish-green  bodies 
are  angular;  others  are  spherical  or  ellipsoidal  and  arranged  in  straight  parallel  rows 
about  one-quarter  of  an  inch  apart;  still  others  form  spherical  shells  up  to  1  inch 
in  diameter  which  are  filled  with  groundmass  material,  but  often  have  at  their  centres 
small  clusters  of  quartz  or  feldspar  fragments.  Under  the  microscope  the  feldspar  is 
seen  to  consist  of  orthoclase,  albit«,  anorthoclase,  and  much  microperthite.  The 
yellowish-green  areas  are  so  extremely  fine  grained,  that  their  composition  could  not 
be  determined,  but  epidote  seems  to  be  one  of  the  components.  The  angular  rock  frag- 
ments consist  of  micropegmatite,  glass,  riebeckite,  biotite,  aegirine-augite,  »girine,  and 
spherulites  composed  of  radial  intergrowths  of  quartz,  feldspar,  and  riebeckite.  The 
groundmass  is  a  cryptocrystalline  aggregate  of  riebeckite,  quartz,  and  feldspar,  and 
has  a  i)erfectly  developed  flow  structure  curving  around  the  larger  crystals  and  rock 
fragments.  The  quartz  encloses  segirine-augite,  riebeckite.  and  magnetite.  The  rare 
nnneral  aenigmatite  was  found  as  small  phenocrysts  in  these  rocks.  Small  epidote 
veinlets  were  found  in  a  few  specimens. 

Lighter-coloured  varieties  of  these  dyke  rocks  are  plentiful  in  which  the  propor- 
tion of  riebeckite  is  much  less  and  quartz  and  feldspar,  both  as  phenocrysts  and  ground- 
mass,  are  much  more  abundant.  They  are  light  bluish  grey  and  decidedly  porphyritic. 
These  rocks  are  evidently  sodic  rhyolites  and  closely  resemble  tauralite  or  comendite. 

Some  of  the  light-ooloured  dykes  have  segirine  and  tpgirine-augite  as  the 
principal  coloured  constituent  instead  of  riebeckite.  They  are  medium  rather  than 
fine-grained,  have  &  light  grey  colour  with  a  greenish  rather  than  bluish  cast,  and  are 
only  slightly  porphyritic.  They  are  usually  quite  porous  and  some  of  theni  are 
slightly  banded.  They  consist  of  abundant  quartz,  orthoclase,  micropegmatite,  »girine, 
and  ffigirine-augite,  with  small  amounts  of  albite,  microcline,  anorthoclase,  arfved- 
sonite,  and  riebeckite.  In  one  of  these  rocks  small  prisms  of  flegirine  occur  on  the  walls 
of  spherical  vesicules  and  project  towards  the  centres  of  the  cavities. 

A  few  dykes  of  a  very  light  colour  are  composed  of  quartz,  orthoclase,  biotite,  and 
oligoclase. 
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POST-PLEISTOCENE  VOLCANICS 


On  Lake  and  Lady  klands,  in  Mathieeon  channel,  is  a  considerable  thickness,  but 
small  area  of  stratified  yolcanic  tuff  and  some  flows.  These  lie  on  the  glaciated  surface 
of  the  batholithic  rocks  and  were  evidently  ejected  in  post-Pleistocene  time.  Small 
flows  of  similar  rocks  are  found  on  Bardswell  islands,  on  Price  island,  and  on  Swindle 
island.  These  other  occurrenjces  consist  of  flows  with  no  tuff,  and  their  relation  to 
the  glaciated  surface  was  not  discovered.  However,  they  are  nowhere  glaciated  them- 
selves, the  thin  flows  conform  to  the  present  topography,  and  they  have  strong  litho- 
logical  similarities  to  the  Lake  Island  volcanics.  For  these  reasons  it  is  thought  that 
they  belong  to  the  same  post-Glacial  period  of  eruption  as  those  found  on  Lady  and 
Lake  islands.  All  the  extrusions  occur  close  to  a  line  striking  north  60  degrees  west 
through  the  south  end  of  Lake  isknd. 

Lake  island  is  about  a  mile  wide  and  2  miles  long  and  is  situated  about  3  miles 
above  the  entrance  to  Mathieson  channel.  Its  shores,  except  at  two  places,  are  com- 
posed of  quartz  diorite,  quite  flat  and  strongly  glaciated.  Covering  the  whole  central 
part  of  the  island  is  a  conical  mountain  nearly  1,000  feet  high  composed  entirely  of 
brownish  volcanic  tuff.  On  the  east  shore  of  the  island  the  tuffs  clearly  rest  on  the 
flat  glaciated  surface  of  the  quartz  diorite.  On  the  north  shore,  large,  well-rounded 
boulders  of  quartz  diorite  up  to  6  feet  in  diameter  and  with  a  pronounced  tendency  to 
exfoliate  are  found  buried  in  the  tuffs.  On  Lady  island,  which  lies  a  mile  to  the 
west,  similar  tuffs  are  found.  Here  they  have  a  maximum  thickness  of  about  60 
feet  and  in  three  different  places  they  were  found  lying  on  glaciated  surfaces  of  the 
quartz  diorite.  At  the  base  of  the  formation  in  several  places  numerous  large  glacial 
boulders  were  found,  and  in  one  place  the  tuffs  rested  on  a  small  bed  of  till. 

These  tuffs  are  well  bedded  and  generally  horizontal.  In  some  places,  however,  they 
have  gentle  depositional  dips  seaward  conformable  to  the  surface  on  which  they  rest. 

They  consist  of  rock  fragments,  usually  of  quartz  diorite,  a  large  amount  of 
brownish,  ])arily  devitrified,  spherulitic  and  pumaceous  volcanic  glass ;  a  large  amoimt 
of  clean  amber-coloured  augite  in  the  form  of  broken  crystals  often  having  a  rim 
of  glass  frozen  to  them;  fragments  of  quartz,  hornblende,  and  a  great  many  rounded 
phenocrysts  of  beautiful  yellowish,  glassy  labradorite — a  very  characteristic  mineral 
and  invariably  found  in  all  the  above-mentioned  occurrences  of  recent  volcanic  rock. 

The  flows  on  Price  and  Swindle  islands  are  from  20  to  100  feet  thick  and  have 
a  beautifully  developed  columnar  jointing.  They  have  an  exceedingly  flne-grained, 
dense  black  groundmass,  enclosing  a  large  number  of  the  yellowish,  glassy  labradorite 
and  augite  phenocrysts,  similar  to  those  found  in  the  tuffs  of  Lady  and  Lake  islands. 
The  groundmass  consists  of  minute  rods  of  augite  and  laths  of  labradorite,  with 
which  is  mixed  a  large  amount  of  fine  magnetite  which  gives  the  rock  its  black 
colour.  A  small  amount  of  glass  containing  spherulites  is  present,  some  chlorite,  and 
a  small  amount  of  highly  pleochroic,  bluish-green  amphibole. 

ECONOMIC  GEOLOGY 

Gold,  silver,  copper,  and  iron  occur  in  this  district  (Figures  5  and  6).  Ijarge 
quantities  of  gold  and  some  silver  and  copper  have  been  produced,  and  are  still  being 
produced,  by  the  Surf  Inlet  mine  on  Princess  Royal  island.  Small  quantities  of 
copper,  gold,  and  silver  have  been  produced  by  the  Drum  Lummon  mine,  on  Douglas 
channel,  and  a  few  tons  of  magnetic  iron  ore  have  been  shipped  from  a  deposit  on 
Dean  channel.  Small,  gold-bearing  quartz  veins  at  several  other  localities  on  Princess 
Koyal  island  and  on  the  adjacent  miainland  have,  so  far,  proved  to  be  of  no  commer- 
cial value.  Small  deposits  of  copper  with  associated  gold  occur  also  on  Klekane  inlet, 
on  the  south  end  of  ChribbeU  island,  on  Kemano  river,  which  flows  into  Gardiner  canal, 
and  on  the  river  which  enters  at  the  head  of  Kutze  inlet.  The  deposit  in  Klekane 
inlet  is  being  worked  in  a  small  way.    That  on  Gribbell  island  has  been  extensively 
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developed,  but  is  now  abandoned.  The  deposit  on  Kemano  river  is  in  the  early  stages 
of  prospecting,  and  the  deposit  in  Kutse  inlet  has  been  considerably  explored  and  is 
equipped  with  several  miles  of  tram-line.  It  is  reported  to  have  promise  as  a  capper 
and  gold  producer. 

SURF    INLET    MIKE 

The  Surf  Inlet  gold  mine,  owned  and  operated  by  the  Belmont  Surf  Inlet  Mines, 
Limited,  is  situated  about  7  miles  inland  from  the  head  of  Surf  inlet,  on  Princess 
Koyal  island.  The  mine  is  1  mile  from  Bear  lake,  which  is  1  mile  above  Cougar 
lake,  and  Cougar  lake  extends  to  within  200  yards  of  the  head  of  Surf  inlet.  By  the 
construction  of  a  dam  at  the  outlet  of  Cougar  lake  its  level  was  raised  to  that  of 
Bear  lake  and  a  good  water  route  for  tugs  was  established  between  the  dam  and  the 
landing  at  Bear  lake.  From  this  landing  an  electric  tram-line  runs  to  the  mine,  and 
from  the  head  of  the  dam  to  the  bunkers  at  the  beach  there  is  an  incline  cable  tram 
operated  by  an  electric  winch. 

The  dam  also  creates  a  sufficient  hydrostatic  head  for  a  hydro-electric  generating 
plant  situated  at  the  beach,  and  capable  of  supplying  power  for  all  purposes  about 
the  mine.  A  well  designed  mill  with  a  capacity  of  300  tons  a  day  is  used  to  concen- 
trate the  ore. 

This  deposit,  though  discovered  many  years  ago,  began  producing  on  a  large 
scale  only  in  1917.  It  is  now  one  of  the  important  gold  producers  of  the  province 
and  in  1920,  108,082  tons  of  ore  were  mined,  yielding  9,687  tons  of  concentrates 
which  gave  44,051  oxmces  of  gold,  20,104  oimces  of  silver,  and  685,259  pounds  of 
copper.  The  mine  is  now  developed  down  to  the  1,000-foot  level  and  has  approxi- 
mately 50,000  feet  of  underground  workings.  An  adjoining  property,  known  as  the 
Pugsley,  recently  acquired  by  the  Belmont  Surf  Inlet  Company,  is  now  being 
developed  and  will  eoon  commence  producing. 

The  equipment  and  layout  of  this  property  has  been  fully  described  by  Ceo.  A. 
Clothier  in  the  report  of  the  Minister  of  Mines  of  British  Columbia  for  the  year 
1919. 

The  ore-bodies,  which  are  large  pyritized  quartz  veins  in  a  zone  of  intense 
shearing  in  the  rocks  of  the  Coast  Eange  batholith,  outcrop  on  either  side  of  a  deep, 
XJ-shaped  valley.  The  Surf  Inlet  ore-bodies  are  on  the  north  and  the  Pugsley  on  tho 
south  side.  The  shear  zone  strikes  a  few  degrees  east  of  north  and  intersects  the 
valley  at  nearly  right  angles.  The  veins  dip  from  45  degrees  to  60  degrees  to  the 
west,  hence  the  outcrops  of  the  ore-bodies  trend  northeasterly  up  the  north  side 
of  the  valley  and  in  a  southeasterly  direction  up  the  south  side.  The  valley*  though 
only  about  3  miles  in  length  and  less  than  half  a  mile  wide,  has,  nevertheless,  a  depth 
of  over  3,000  feet,  and  its  walls  are  so  steep  that  in  places  they  appear  to  be  almost 
perpendicular.  The  upper  end  of  the  valley,  which  terminates  abruptly  amdd  ateep 
mountains,  is  occupied  by  Paradise  lake.  The  lower  end  opens  into  the  broad  valley 
occupied  by  Cougar,  Bear,  and  Deer  lakes.  The  main  haulage,  of  550-foot  level  of 
the  Surf  Inlet  mine,  is  at  an  elevation  of  538  feet,  or  about  450  feet  above  the  bottom 
of  the  valley;  that  of  the  Pugsley  is  about  30  feet  above  the  tram-line  which  runs  to 
the  landing  on  Bear  lake. 

The  ore  of  the  Surf  Inlet  mine  occurs  in  large  pyritized  quartz  veins  in  places 
37  feet  in  width.  These  lie  in  a  zone  of  intense  shearing  which  cuts  the  rodss  of 
the  Coast  Bange  batholith  in  a  direction  about  north  3  degrees  east  and  for  a  distance 
passes  through  an  inclusion  of  chloritic  schist  whose  foliation  and  contacts  also  strike 
approximately  parallel  to  the  shear  zone.  The  veins  are  in  general  parallel  to  the 
shearing  and  dip  from  about  40  to  60  degrees  to  the  west.  They  have  a  maximum 
length  of  1,000  feet  and  a  width  of  40  feet.  There  are,  however,  cross  veins  which 
lie  more  or  less  perpendicular  to  this  direction.  One  of  these  cross  veins,  lying 
between  the  550-foot  and  the  200-foot  levels,  is  of  considerable  size  and  importance. 
The  only  other  rocks  in  this  vicinity  are  two  emaill  pegmatite  dtykes  on  the  550-foot 
level  and  a  black  basic  dyke  which  cuts  the  ore  on  th^  100-  and  200-foot  levels. 
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Inclusions  of  older  rocks  in  the  form  of  scliist  and  gneiss  occur  at  several  places 
in  the  vicinily  of  the  deposits.  A  fairly  wide  band  of  gneiss  with  a  north  30  degrees 
west  strike  and  90  degrees  dip  occurs  in  the  cuts  along  the  tram-line  about  600  feet 
west  of  the  Pugsl^  lower  tunnel,  and  what  appears  to  be  a  continuation  of  this  band 
occurs  on  the  difPs  at  the  opposite  side  of  the  valley  a  considerable  distance  west  of 
the  main  dump  of  the  Surf  Inlet  mine.  A  large  band  of  schist  occurs  on  the  surface 
above  the  upper  levels  of  the  Surf  Inlet  mine  and  extends  down  through  the  mine 
to  the  lower  levels.  A  similar  band  also  occurs  on  the  surface  above  the  Pugsley 
mine. 

On  the  50-foot  level  of  the  Surf  Inlet  mine  the  country  rock  consists  entirely 
of  schist,  though  quarts  diorite  occurs  a  short  distance  south  of  the  portal.  On  tlie 
100-foot  level  the  schist  is  still  the  dominant  country  rock,  though  a  wide  band  of 
quartz  diorite  occurs  in  No.  1  east  crosscut  and  in  recent  workings  in  the  southern 
part  of  this  level.  On  the  200-foot  level  there  is  about  an  equal  amount  of  quartz 
diorite  and  schist,  the  schist  occurring  chiefly  along  the  contacts  of  the  we^t  vein  and 
large  cross  vein,  the  diorite  as  the  principal  wall-rock  of  the  east  vein.  On  the  820- 
foot  level  the  schist  forms  only  a  small  part  of  the  country  rock,  but  is  found 
adjoining  the  widest  and  richest  part  of  the  west  vein  and  to  a  less  extent  in  the 
vicinity  of  the  large  cross  vein,  which  has  a  width  of  81  feet  on  this  level.  On  the 
420-foot  level  the  schist  is  still  less  in  amount  and  is  found  adjoining  both  the  east 
and  west  veins,  but  is  most  abundant  at  the  north  end  of  the  west  vein  where  it  has 
its  greatest  width.  On  the  550-foot  level  where  the  ore  reaches  a  maximum  in  both 
width  and  values,  there  is  very  little  schist  to  be  found,  the  only  body  of  any  account 
being  on  the  hanging-wall  towards  the  northern  end  of  the  west  or  main  vein,  and 
beyond  this  in  west  crosscut  No.  6.  Below  this  level  only  very  small  bodies  of  schist 
occur,  and  these  lie  in  the  northern  extremities  of  the  workings.  It  is  evident, 
therefore,  that  the  schist  lies  in  general  in  the  west  or  hanging-wall  and  pitches  to 
the  north,  whereas  the  veins  pitch  to  the  south.  In  the  Pugsley  mine  it  is  likewise 
found  mostly  in  the  higher  workings.  In  general  it  may  be  said  that  slightly  higher 
values  are  found  where  the  veins  lie  in  schist  than  where  they  lie  in  quartz  diorite. 

The  schist  is  a  dark  ^eenish,  medium  fine,  strongly  schistose  rock,  grading  in 
places  into  gneiss.  It  consists  chiefly  of  chlorite,  sericite,  and  talc  with  small  amounts 
of  quartz,  andesine,  apatite,  augite,  and,  in  the  vicinity  of  the  veins,  considerable 
ankerite. 

The  batholithic  rocks  in  the  mine  and  its  vicinity  consist  entirely  of  quartz 
diorite.  They  are  fairly  coarse-grained  and  are  strongly  gneissic,  the  foliation  being 
generally  parallel  to  the  veins.  They  consist  of  quartz,  andesine,  and  green  horn- 
blende with  small  amounts  of  biotite,  augite,  and  sphene.  On  the  900-foot  level  of 
the  Surf  Inlet  mine  the  quartz  diorite  contains  besides  the  above  minerals  small 
amounts  of  oligoclase-ande&ine,  orthoclase,  and  micropegmatite,  and  has  a  slightly 
higher  prox>ortion  of  the  biotite  and  sphene  than  is  ordinarily  found  in  the  quartz 
diorites  of  this  district.  The  proportion  of  orthoclase  is,  however,  too  small  to  place 
this  Tock  in  the  granodiorite  family. 

The  pegmatite  dykes  occur  on  the  560-foot  level,  900  feet  from  the  portal  and 
200  feet  from  the  nearest  vein.  These  dykes  which  are  only  a  foot  or  two  in  width 
are  exactly  like  those  found  at  the  Drum  Lummon  mine  and  elsewhere  along  the  coast. 
They  are  composed  of  orthoclase,  microcline,  anorthoclase,  albite,  oligoclase,  quartz, 
and  biotite.  The  two  pegmatite  dykes  in  the  Surf  Inlet  mine  have  a  smaller  proportion 
of  quartz  than  most  of  the  other  pegmatites  of  the  district.  The  relation  of  these 
dykes  to  the  veins  is  not  known,  but  as  some  of  the  veins  carry  small  amounts  of 
albite,  orthoclase,  and  microcline,  and  the  i)€gmatites  at  the  Drum  Lummon  mine 
carry  sulphide  of  iron  and  copper  as  well  as  some  gold,  it  would  seem  that  the  veins 
and  pegmatites  are  very  similar  in  composition,  and,  therefore,  probably  closely 
related  in  origin. 

The  ore  occurs  principally  in  two  large  quartz  veins,  one  on  the  west  or  hanging- 
wall  side,  and  the  other  on  the  foot-wall  of  the  shear  zone.    In  the  upper  levels,  the 
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veins  are  from  100  to  IGO  feet  apart,  but  gradually  converge  until  they  meet  at  the 
550-foot  level  to  form  one  large  vein  which  pereists  to  the  lowest  levela.  The  veins 
dip  to  the  west  from  40  to  60  degrees  with  an  average  of  about  45  degrees.  Above  the 
550-foot  level  the  dips  are  much  more  irregular  than  below  it,  a  feature  which  may 
help  to  explain  the  occurrence  of  higher  values  above  than  below  this  level.  Above 
the  550-foot  level  the  two  veins  are  connected  by  a  large  cross  vein,  in  places  35  feet 
wide,  which  strikes  almost  at  right  angles  to  the  main  veins  and  dips  nearly  vertically. 
Besides  these  there  are  numerous  small  veins  in  the  fractures  and  shear  planes  of  the 
diorite.     These  strike  in  all  directions. 


G9Ot0pc»l  Si/fray,CBn»da, 


Figure  7.     Section  of  vein  exposed  in  slope  No.  4,  between  650-  and  700-foot  levels. 

Surf  Inlet  mine. 

The  margins  of  the  veins  are  almost  invariably  made  up  of  a  number  of 
alternating  bands  of  quartz  and  sericitized  country  rock,  lying  parallel  to  one  another 
and  to  the  vein  walls  and  ranging  in  width  from  several  feet  down  to  a  few  inches. 
Large  angular  blocks  of  sericitized  country  rock  also  are  found  scattered  irregularly 
through  the  quartz  veins  and  are  more  or  less  silicified»  in  some  cases  so  completely 
that  only  mere  shadows  of  the  original  blocks  remain.  The  pyrite  usually  lies  in 
streaks  and  bands  parallel  to  and  sometimes  adjacent  to»  the  bands  of  included  country 
rock,  as  shown  in  Figure  7. 
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The  lengths  of  the  main  v^ins  vary  from  100  feet  up  to  a  maximum  of  1,000  feet 
on  the  650-foot  level,  and  the  width  from  2  or  3  feet  up  to  40*  feet  The  axes  of  the 
ore-body  pitch  to  the  south  45  degrees. 

The  veins  consist  chiefly  of  quartz  and  pyrite,  the  latter  carrying  the  goH.  After 
these  the  most  conspicuous  mineral  is  a  creamy  white  ankerite  found  ahundantly  in 
places,  particularly  at  the  extremities  of  the  veins,  where  they  pinch  out  It  is 
usually  associated  with  considerable  chlorite  and  sericite.  Other  gangue  minerals 
occurring  in  small  amounts  are  hornblende,  mariposite,  calcite,  dolomite,  and  kaolin. 
On  the  100-foot  level  there  is  a  vein  which  is  decidedly  pegmatitic  in  character  and 
contains  microcline,  orthoclase,  albite,  albite-oligoclase,  biotite,  and  small  quantities  of 
magnetite.  A  narrow  band  in  the  altered  schist  on  the  550-foot  level  consists  of 
ealcite,  andradite,  and  pale  green  translucent  diopside,  and  probably  represents  a 
band  of  metamorphosed  limestone  in  the  schist.  The  metallic  minerals,  other  than 
pyrite,  are  chalcopyrite,  native  silver,  chalcocite,  bomite,  covellite,  hematite,  and 
molybdenite.  Small  quantities  of  malachite  and  azurite  are  now  forming  on  the 
walls  of  the  stopes  and  tunnels. 

Quartz  is  exceedingly  abundant  throughout  the  deposits,  and  at  certain  places, 
such  as  on  the  550-foot  level,  there  are  solid  masses  of  almost  pure  quarts  nearly  40 
feet  in  width.  It  is  slightly  milky  in  colour,  and  is  composed  of  an  aggregate  of  very 
fine  anhednal  crystals.  These  contain  many  minute  inclusions  of  foreign  matter,  some 
of  which  are  liquid  or  gaseous,  whereas  others  are  solid  and  clear  or  opaque,  but  too 
minute  to  identify.  The  quartz  was  dei)osited  throughout  a  long  period  in  the  earlier 
stages  of  the  formation  of  the  deposit 

Ankerite  is  widely  distributed  in  the  mine  but  is  usually  more  abundant  in  the 
schists  than  in  the  quartz  diorite.  It  has  an  unusually  light  colour  varying  from 
pure  white  to  cream  or  pink,  and  only  very  rarely  has  it  the  grey  colour  so  common  to 
this  mineral.  In  places  it  forms  very  fine-grained  masses,  but  usually  it  is  coarse 
grained  with  large,  curved  cleavage  faces.  It  was  deposited  during  a  considerable 
period  of  time,  some  of  it  being  earlier  than  the  quartz  and  some  of  it  later,  the  fine- 
grained masses  usually  being  earlier. 

Chlorite  in  the  form  of  scattered  films  and  veinlets  is  plentiful  and  is  as  a  rule 
associated  with  the  ankerite. 

Sericite  is  exceedingly  abundant  throughout  the  mine.  The  quartz  diorite  close  to 
the  veins,  and  the  blocks  of  it  included  in  the  veins,  are  frequentily  altered  to  aggre- 
gates of  pure  sericite.  Alteration,  however,  never  extends  nvore  than  a  few  inches, 
or  a  foot  at  most,  from  the  veins.  In  some  cases  the  fiakes  of  mica  are  sufficiently 
large  to  be  called  muscovite. 

Hornblende  was  found  in  small  quantities  associated  with  quartz  and  sericite. 

A  bright  greenish  coloured  mica  with  optical  properties  closely  approximating 
those  of  mariposite,  or  chrome  mica,  was  found  in  smaU  quantities  on  the  900-foot 
level,  where  it  is  associated  with  calcite,  quartz,  ankerite,  and  pyrite. 

Calcite  in  small  amounts  is  found  in  all  parts  of  the  mine  and  imder  various 
conditions.  That  associated  with  the  diopside  and  garnet  is  probably  residual  from 
a  limestone  hand  in  the  schists.  In  other  places  it  forms  small  veinlets  cutting  the 
latest  ore  minerals. 

A  small  amount  of  dolomite  was  found  on  the  550-foot  level  associated  with 
chlorite  and  small  flakes  of  hematite. 

Kaolin  occurs  in  the  gouge  of  the  sheared  diorite,  sometimes  in  considerable 
amounts. 

Orthoclase,  microcline,  albite,  albite-oligoclase,  and  biotite  were  found  only  in 
the  pegmatites  on  the  550-foot  level  and  in  a  small  vein  on  the  100-foot  level.  Albite 
occurs  also  at  a  number  of  places  in  the  quartz  veins. 

Diopside  and  grossula^te  were  found  only  in  the  small  band  of  altered  limestone 
mentioned  above. 
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Pjrrite  is  Tery  abundant  and  is  the  chief  ore  mineral,  but  is  much  less  plentiful 
than  quartz.  In  the  richest  parts  of  the  yeina  the  pyrite  would  not  constitute  more 
than  25  per  cent  of  lihe  total  voUume.  It  occurs  in  streaks  parallel  to  the  strike  and 
usually  adjacent  to  the  sericitized  wall-rock»  or  to  large  sheets  of  the  altered  wall-rock 
now  included  within  the  quarts  yeins.  A  small  amount  of  it  occurs  in  rounded 
masses  or  as  very  irregular  cross  veinlets  in  the  central  parts  of  the  quartz.  The  mode 
of  occurrence  is  shown  in  Figures  5  and  6. 

The  pyrite  is  usually  massive  but  in  numerous  places  it  is  also  coarsely  crystalline, 
forming  strongly  striated,  truncated  cubes.  It  is  yery  light  yellow  and  except  for 
small  veins  of  chalcopyrite  and  blebe  of  native  silver  it  appears  quite  homogeneouA 
under  the  highest  power  of  the  microscope.  AH  the  gold  is  known  to  be  contained 
in  the  sulphides,  as  the  siliceous  tailings  from  the  concentrating  mill  contain  not 
even  a  trace  of  gold.  (However,  though  the  gold  content  is  rather  high,  no  gold  could 
be  found  under  the  mdcroecope.  It  must,  therefore,  occur  in  the  sulphides  in  an 
extremely  fine  state  of  division,  if  not  in  solid  solution  or  chemical  comibination.  The 
silver — not  nearly  as  plentiful  in  the  ore  as  the  g<Ai — can  be  seen  in  considerable 
quantities  under  the  microscope.  The  pyrite  was  deposited  over  a  considerable  length 
of  time  and  is  older  than  eome  of  the  quartz  and  younger  than  other  portions  of  it. 
It  is,  however,  unquestionably  much  the  earliest  of  the  metallic  minerals. 

Chalcopyrite  is  found  plentifully  in  all  parts  of  the  mine,  but  is  not  always  visible 
to  the  naked  eye.  It  occurs  as  veinlets  cutting  the  pyrite  crystals 'and  gangue 
minerals,  and  was  deposited  during  a  later  period  than  tiie  pyrite,  quartz,  and  other 
gangue  minerals. 

Bomite  was  found  in  only  minute  quantities  in  a  specimen  from  t^  340-foot 
level.  It  forms  small,  sharply  defined  veins  in  the  dialoopyrite  and  is  clearly  much 
later  in  origin. 

Chalcocite  was  found  in  minute  quantities  intergrown  with  the  bomite  and  also 
as  small  veinlets  in  the  chalcopyrite.  It  is  later  than  the  chalcopyrite  but  not  all  of 
it  is  later  than  the  bomite. 

Native  silver  was  found  in  the  pyrite  and  chalcopyrite  in  the  form  of  rounded 
blebs.  It  forms  veinlets  in  the  pyrite  and  is  undoubtedly  much  later  in  origin  than 
this  mineral.  In  no  place,  however,  does  it  form  veinlets  in  the  chalcopyrite.  It 
occurs  as  rounded  or  irregular  masses  in  the  chalcopyrite  which  ^ows  that  it  was  not 
deposited  later  than,  but  probably  simultaneously  with,  that  mineral. 

C!ovellite  was  found  in  minute  quantities  on  all  the  levels  of  the  mine  and  invar- 
iably retraces  the  chalcopyrite  veinlets.  It  is  one  of  the  latest  minerals  formed  and  is 
very  likely  due  to  the  action  of  surface  waters  which  flow  freely  through  the  shattered 
vein  material. 

Malachite  and  azurite  are  forming  rapidly  on  the  walls  of  the  tunnels  and  stope. 

The  veins  of  the  Surf  Inlet  mine  were  formed  by  solutions  which  originated  in 
the  uncooled  parts  of  the  batholith  and  percolated  up  through  the  diear  zone  in  which 
the  veins  occur.  In  so  doing  the  solution  sericitized  the  country  rocks  and  replaced 
them  by  quartz,  pyrite,  and  other  minerals.  The  earliest  solutions  deposited  quartz, 
pyrite,  and  ankerite.  Later  solutions  deposited  chalcopyrite  and  native  silver,  and 
still  later  solutions  deposited  bomite  and  probably  some  chalcocite.  After  this  the 
veins  remained  unchanged  until  a  recent  date,  probably  after  the  Glacial  period;  when 
surface  waters  found  their  way  down  through  the  shear  zone  and  replaced  email  quan- 
tities of  the  chalcopyrite  and  bomite  by  covellite  and  probably  chalcocite.  As  the 
gold  could  not  be  seen  it  is  not  known  at  what  stage  it  was  deposited,  but  it  was 
most  probably  deposited  simultaneously  with  the  pyrite  in  which  it  occurs. 

The  distribution  of  the  values  in  that  part  of  the  deposits  already  worked  show 
that  they  were  highest  where  the  veins  had  their  maximum  widtL  The  country 
rock  seems  to  have  had  some  influence  in  precipitating  ^e  metalUc  minerals  and  in 
general  the  values  are  slightly  higher  in  the  schist  than  in  the  diorite.    The  highest 
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values  were  found  where  the  dips  and  widths  of  the  veins  were  most  irregular,  and  the 
lowest  values  were  found  where  the  dii>s  and  widths  were  most  regular.  It  would, 
therefore,  appear  that  these  were  important  factors  in  the  distribution  of  the  values. 

OTHER  GOLD  DEPOSITS 

Other  gold  prospects  have  been  staked  at  several  localities  on  Princess  Boyal 
island,  the  most  promising  of  which  is  one  located  and  owned  by  Mr.  Wells,  one  of 
the  original  owners  of  the  Surf  Inlet.  This  claim  is  situated  on  the  steep  side  of 
the  precipitous  mountain  which  stands  just  west  of  the  point  where  Paradise  creek 
enters  Bear  lake,  and  three-quarters  of  a  mile  from  the  ^amp  at  Surf  Inlet  mine. 
The  outcrop  occurs  in  a  small  gulch  on  the  north  side  of  the  mountain  at  an  elevation 
of  about  2,180  feet  or  about  2,000  feet  above  Bear  lake.  The  surface  showing  consists 
of  several  small  irregular  veins  of  quartz  which  converge  to  form  a  large  mass  up  to 
12  feet  in  width  and  lying  in  unaltered  and  only  slightly  sheared  quartz  diorite. 
Below  this  point  a  drift  adit  was  driven  for  over  300  feet.  This  exposed  a  well- 
defined  quartz  vein  about  4  feet  in  width  carrying  pyrite,  and  similar  in  every  respect 
to  the  Surf  Inlet  veins. 

The  claim  which  attracted  the  most  attention  during  the  field  season  is  located 
on  the  southern  arm  of  Bivers  bight,  and  is  known  as  the  Cordilla  group.  It  is  owned 
by  David  Cordilla,  J.  Koski,  and  others,  of  Swanson  Bay.  The  deposit  is  a  small, 
much  broken  quartz  vein  in  a  large,  intense  shear  zone,  striking  north  25  degrees 
west  and  dipping  vertically,  in  the  quartz  diorite  of  the  Ooast  Range  ba^olith.  It 
has  attracted  much  attention  because  of  its  proximity  to,  and  similarity  to,  the  Surf 
Inlet.  Several  assays  have  been  made,  some  of  which  are  reported  to  have  shown 
good  values,  in  one  case  up  to  $9  a  ton.  This  property  was  sampled  at  two  points 
by  the  writer  in  company  with  Mr.  Cordilla,  the  principal  owner.  One  of  these 
samples  taken  near  the  tunnel  contained  no  gold  or  silver,  and  the  other,  taken  at  a 
point  150  feet  higher  than  the  tunnel,  show^  no  gold  and  a  trace  of  silver. 

A  property  known  as  the  Malcolm  claim,  situated  on  the  northeast  of  Princess 
Royal  island,  about  5  miles  north  of  Swanson  bay,  and  just  opposite  Kutze  inlet,  is 
reported  to  carry  free  milling  gold.  The  vein  is  situated  at  an  elevation  of  about 
480  feet  and  about  half  a  mile  from  the  beach.  It  consists  of  a  small  but  persistent 
quartz  vein  ranging  from  4  inches  to  12  inches  in  width  lying  in  biotite-sericite  schist. 
It  strikes  parallel  to  the  schist,  north  22  degrees  west,  and  dips  northeast  36  degrees. 
In  the  face  of  one  of  the  small  tunnels  there  is  exposed  a  quartz-diorite  dyke.  The 
vein  contains  besides  quartz,  considerable  pyrrhotite  and  some  pyrite,  but  no  free 
gold  could  be  seen.  i . 

On  the  opposite  nde  of  Eraser  reach  and  about  a  mile  south  of  this  property,  there 
is  another  gold  prospect  oh  which  considerable  work  has  been  done,  and  which  was 
at  one  time  owned  by  J.  Plattenberger,  of  Swanson  Bay.  The  deposit  is  situated  at 
an  elevation  of  about  600  ieet  above  and  about  one-half  mile  from  the  east  shore  of 
Eraser  reach.  It  consists  of  a  pyritized  band  in  sericite  schist  from  4  to  6  feet  wide 
spiking  north  10  degrees  west  with  a  dip  of  54  degrees  northeast  This  pyritized 
band  has  been  traced  for  over  1,000  feet  and  has  every  appearance  of  being  a  good 
deposit  Fair  values  have  been  reported,  but  a  sample  taken  by  the  writer  contained 
no  silver  or  gold. 

DRUM  LUMMON   MINB 

From  the  standpoint  of  production  the  Drum  Lummon  (Figure  8)  is  the  second 
most  important  mine  of  the  district,  having  produced  in  1919  and  1920  :(acoording 
to  the  reports  of  the  Minister  of  Mines  of  British  Columbia  for  ^ose  years)  855 
ounces  of  gold,  1,281  ounces  of  silver,  and  59,559  pounds  of  copper.  Owing  to  a 
number  of  causes,  however,  these  metals  wese  produced  at  a  lose  and  during  the 
greater  part  of  1921  no  mining  was  done  on  the  property.    The  original  company,  the 
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Drum  Lummon  Copper  Mines,  Ltd^  was  reorganized  into  a  new  company  registered 
AS  the  Drum  Lummon  Mines,  Ltd.,  and  placed  under  the  management  of  Olenville  A. 
Collins,  of  Vancouver.  At  the  time  of  the  examination  the  new  company  was  carrying 
on  a  small  amount  of  development  work  in  preparation  for  reopening  the  mine,  but  It 
will  probably  be  some  time  before  production  is  again  resumed. 

The  camp  and  workings  are  situated  about  4,000  feet  from  the  shores  of  a  small 
bay  on  the  west  side  of  Douglas  channel,  about  100  miles  southeast  of  Prince  Rupert. 
Hartley  bay,  at  ^e  entrance  to  Douglas  channel,  and  about  SM  miles  from  the  mine. 
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PiiTure  8.     C}eolo^'  of  the  Drum  Dummon  mine. 

is  the  nearest  port  of  call  on  the  steamboat  route  between  Prince  Rupert  and  Van- 
couver. The  tunnel  is  about  400  feet  above  sea-level  and  a  good  wagon  road  connects 
it  with  the  beach,  so  that  transportation  problems  are  unusually  simple. 

The  surface  showings  occur  an  the  canyon  of  a  small  creek,  and  consist  of  three 
pegmatite  dykes  carrying  chalcocite,  bomite,  and  ohalcopyrite.  The  largest  of  tliese 
forms  an  irregular  mass  about  20  feet  in  diameter  with  narrow  dykes  extending  from 
either  end.  The  second  largest  showing  lies  70  feet  farther  up  the  creek.  It  is  about 
8  feet  wide  and  extends  across  the  canyon  and  west  for  some  distance.  The  third 
showing  is  quite  small  and  occurs  high  up  on  the  east  side  of  the  canyon  about  220 
feet  above  the  second  showing  and  is  similar  in  character  to  the  others.    Several 
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bands  of  aplitic  material  also  occur  in  the  canyon,  and»  though  they  contain  no 
metallic  minerals*  they  are,  nevertheless,  very  similar  to  the  altered  rock  foimd  at 
the  contacts  of  the  mineralized  pegmatite  dykes. 

The  underground  work  consists  of  a  440-foot  crosscut  tunnel  which  intersects  a 
large  dyke  of  pegmatite  at  a  distance  of  360  feet  from  the  portal ;  a  somewhat  crooked 
drift  which  follows  the  pegmatite  to  the  west  for  about  400  feet;  two  small  stopes  and 
a  vertical  raise  which  goes  up  through  quarts  for  100  feet 

The  only  rocks  in  the  district  are  the  rocks  of  the  Coast  Eange  batholith  which 
occupy  virtually  the  entire  area,  and,  in  addition  the  pegmatite  dykes,  an  insignificantly 
small  inclusion  of  schist,  and  a  very  fine-grained  grey  dyke  of  recent  origin  occurring 
at  the  smallest  of  the  three  surface  showings. 

.  The  batholith  at  this  point  consists  of  coarse-grained  quartz  diorite  composed 
of  quartz,  oligodase,  andesine,  hornblende,  biotite,  and  small  amounts  of  orthoclase, 
microcline,  and  bright  yellow  sphene.  Along  the  contacts  of  the  pegmatite  dykes 
the  quartz  diorite  is  altered  to  a  fine-grained,  light  grey  or  pinkish  rock  resembling 
an  aplite,  and  consisting  of  quartz,  oligoclase,  albite,  orthoclase,  microcline,  green 
mica,  and  a  few  small  crystals  of  micaceous  hematite.  This  altered  rock  forms 
persistent  bands  up  to  6  feet  in  width  lying  along  the  contacts  of  the  pegmatite  dykes. 
Where  the  dykes  contain  little  or  no  feldspar  and  are  composed  chiefly  of  quartz  the 
adjoining  country  rock  is  invariably  altered  to  sericite  in  a  manner  similar  to  that  at 
the  Surf  Inlet  mine.  Altered  rock  of  the  former,  or  aplitic  tyi)e,  occurs  at  several 
places  in  the  mine  at  distances  as  great  as  100  feet  from  the  pegmatite.  These  bands 
are  very  straight  and  uniform  in  width  and  are  develoi>ed  along  well-defined  joint 
fissures,  and  appear  to  have  been  developed  by  pneumatolitic  action  similar  to  that 
wljich  formed  the  pegmatite. 

The  small  dyke  which  occurs  at  the  smallest  of  the  three  surface  showings  is  com- 
posed of  small,  rare  quartz  phenocrysts  in  a  microcryptocrystalline  groundmass  con- 
taining sericite»  feldspar,  iron  oxide,  chlorite,  and  other  minerals  too  fine  to  determine. 
The  dyke  is  later  than  the  ore  and  had,  therefore,  no  influence  on  its  formation. 

The  pegmatite  dykes  are  similar  to  those  occurring  along  the  shore  of  Douglas 
channel  north  of  Hartley  bay,  and  also  to  those  at  the  Surf  Inlet  mine.  Those  at  the 
Drum  Lummon,  however,  are  much  larger  and  more  irregular  in  shape.  The  dyke 
exposed  in  the  drift  and  stopes  varied  from  1  up  to  50  feet  in  width,  and  there  are 
several  smaller  masses  separated  from  the  main  dyke  but  adjacent  to  it  Many 
inclusions  of  country  rock  occur  in  the  dyke,  some  of  which  are  40  feet  long.  The 
dyke  has  been  traced  by  the  drift  for  340  feet>  but  at  this  distance  from  the  crosscut 
tunnel  the  drift  passes  through  the  south  wall  of  the  dyke  and  the  last  80  feet  are  not 
in  the  dyke.  This  part  of  the  drift,  however,  exposes  an  altered  quartz  diorite  like 
that  adjoining  the  dyke,  thus  strongly  indicating  that  the  pegmatite  lies  not  far  to 
the  north.  The  dyke,  therefore,  has  a  proved  length  of  340  feet,  but  is  most  probably 
much  longer.  Its  vertical  extent  has  been  proved  for  100  feet  above  the  tunnel  by  the 
raise  and  in  all  probability  it  extends  for  a  great  distance  below  this  level. 

The  gangue  minerals  named  in  the  order  of  their  abimdance  are  quartz,  orthoclasCf 
microcline,  biotite,  albite,  and  anorthoclase;  and  the  metallic  minerals  are  chalcocite, 
bomite,  chalcopyrite,  micaceous  hematite,  magnetite,  gold,  and  silver. 

The  quartz  greatly  exceeds  in  amoimt  all  the  other  minerals,  in  places  forming 
solid  masses  40  feet  wide.  Its  situation  in  the  central  parts  of  the  dykes  ^ith  the 
feldspars  and  metallic  minerals  on  its  margins  is  invariable.  In  appearance  the 
quartz  strongly  resembles  that  of  the  Surf  Inlet  vein.  It  has  a  clear  to  milky  colour 
and  is  composed  of  an  aggregate  of  small  anhedral  crystals  containing  many 
inclusions. 

The  feldspars  are  all  closely  associated  with  one  another  and  constitute  about  30 
per  cent  of  the  total  volume  of  the  dykes.  They  are  invariably  situated  along  or  near 
the  margins  of  the  dykes,  or  around  the  margins  of  masses  of  country  rock  included 
in  the  dykes.     They  are  also  present  in  large  amounts  in  the  altered  country  rock 
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adjoining  the  dykes  and  the  altered  bands  of  rock  bordering  joint  fissures.  Orthoclase 
and  microcline  are  the  most  abundant  and  occur  as  large,  well-formed  pink  crystals 
up  to  18  inches  in  length.  Albite  and  anorthoclase  are  plentiful,  but  form  much 
smaller  crystals.  The  feldspars  contain  many  yeinlets  of  quartz  and  were,  therefore, 
deposited  earlier. 

The  biotite  varies  from  dull  grey  to  black  and  forms  large*  thin  leaves  up  to  10 
inches  in  diameter  which  occupy  fractures  in  the  quartz  and  feldspar. 

Laumontite  was  found  in  veinlets  cutting  the  altered  country  rock  in  the 
vicinities  of  the  dykes.  It  was  deposited  much  later  than  the  serioite  and  other 
alteration  products.  This  mineral  was  also  found  in  vugs  in  the  quartz  of  the  central 
parts  of  the  dykes. 

The  metallic  minerals  form  a  small  proportion  of  the  total  volume  of  the  dyke, 
large  parts  of  it  being  free  from  ore  minerals.  Other  i>arts,  however,  contain  lenses 
of  almost  pure  bomite  and  chalcocite  up  to  4  feet  in  width.  They  lie,  as  a  rule,  on  the 
margins  of  the  dykes  between  the  feldspars  and  the  wall-rock,  but  occasionally  small 
masses  of  sulphide  are  found  in  the  quartz.  Considerable  sulphide  is  also  found  in 
the  wall-rock. 

Chalcocite  and  bomite  in  nearly  equal  proportions  constitute  over  90  per  cent 
of  the  ore  minerals.  Chalcopyrite  occurs  in  small  quantities  and  native  gold  and 
silver  in  quantities  still  smaller.  The  gold  in  places  is  coarse,  forming  nuggets,  but 
is  sporadically  distributed.  Mioaoeoua  hematite  is  fairly  plentiful  but  was  deposited 
much  earlier  than  the  other  metallic  minerals.  Pyrite,  as  in  most  bomite-chalcocite 
deposits,  is  conspicuously  absent. 

All  the  metallic  minerals  were  de^sited  much  later  than  the  gangue  minerals. 

From  the  above  description,  it  is  evident  that  this  deposit  is  of  an  imusual  type, 
being  one  in  which  chalcocite,  bomite,  silver,  and  gold  are  associated  with  an  acid 
pegmatite  dyke.  The  pegmatite  was  formed  from  the  residual  liquor  that  resulted 
from  the  more  or  less  complete  crystallization  of  the  magma  which  formed  the  Coast 
Range  batholith.  From  these  residual  liquors,  which  were  undoubtedly  rich  in  water, 
the  minerals — ^feldspar,  hematite,  quartz,  and  biotite— were  deposited  in  the  order 
named.  The  minerals  were  formed  at  temperatures  considerably  above  the  critical 
temperature  of  water  (366  degrees  C.)  and,  therefore,  when  the  depositing  solutions 
were  in  a  gaseous  state.  The  chalcocite,  bomite,  and  other  metallic  minerals  were 
deposited  by  relatively  cool  liquid  solutions  which  found  their  way  into  the  pegmatite 
at  a  very  much  later  date  and  after  the  temperature  had  fallen  considerably  below  100 
degrees  C.  The  fact  that  these  solutions  formed  only  a  very  small  amount  of  chal- 
copyrite and  no  pyrite  indicates  that  they  had  a  relatively  low  proportion  of  iron. 

Surface  enriching  solutions  may  have  had  some  influence  on  the  ore  and  may 
have  deposited  some  of  the  native  silver  and  chalcocite,  but  it  is  not  likely  that  this 
ore  has  been  enriched  to  any  appreciable  extent 

At  present  the  Drum  Lummon  mine  is  unproductive  and  at  the  time  of  the 
examination  very  little  ore  could  be  seen  in  the  workings.  What  was  seen,  however, 
was  very  high  grade  and  no  doubt  good  sized  shoots  of  similar  ore  have  been  mined. 
There  is  still  a  large  amount  of  pegmatite  unprospected  that  probably  contains 
shoots  of  ore  similar  in  size  and  amount  to  those  already  mined.  They  will,  however, 
be  scattered  and  disconnected  which  will  add  considerably  to  the  cost  of  mining. 

OTHER   COPPER  DEPOSITS 

The  only  other  copper  deposit  being  worked  in  the  district  is  one  known  as  the 
Bolton  group.  It  is  under  a  working  bond  to  A.  McLeod  and  associate,  of  Vancouver, 
who  were  engaged,  at  the  time  of  the  writer's  visit,  in  building  a  sleigh  road  for  the 
high-grade  ore.  The  proi)erty  is  situated  at  an  elevation  of  2,150  feet  and  about  2 
miles  north  of  the  shore  of  Klekane  inlet,  which  lies  about  100  miles  south  of  Prince 
Rupert    The  deposit  is  of  the  contact  raetamorphic  type,  formed  in  limestone  near  the 
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contact  of  an  intrusion  of  quartz  diorite  of  Coast  Range  batbolith  age.  The  lime- 
stone  forms  a  bed  about  7  feet  in  width  inteHbedded  with  chloritic  schists  all  of  which 
are  steeply  folded,  strike  north  00  degrees  west,  and  dip  vertically.  The  contact  of  the 
quarts  diorite  is  exceedingly  irregular  and  surrounds  the  limestone  on  three  sides. 
The  limestone  is  altered  into  the  usual  minerals  epidote,  actinolite,  hornblende, 
augite,  quarts,  and  garnet,  and  for  a  width  of  about  18  inches  is  heavily  mineralised 
with  chalcocite  and  bomite,  making  fairly  high-grade  ore.  The  ore  can  be  traced  oyer 
an  horizontal  distance  of  100  feet  and  a  yertical  distance  of  60  feet,  but  over  most  of 
this  distance  the  ore-shoot  is  quite  narrow  and  much  of  it  is  of  fairly  low  grade. 
Hr.  McLeod  reported  that  there  was  a  lead  in  the  schist  which  assayed  $126  a  ton  in 
gold,  but  this  could  not  be  found. 

On  Oribbell  island,  near  the  southeast  comer,  there  is  a  copper  deposit  of  the  same 
type,  which  was  extensively  developed  in  the  years  1900  to  1906  during  which  time 
$80,000  was  spent  on  equipment  and  development  work.  The  project  failed  owing  to 
the  irregularity  and  low  value  of  the  ore. 

The  mine  is  at  an  elevation  of  1,200  feet,  and  about  1  mile  from  the  beach,  with 
which  it  is  connected  by  a  corduroy  road  still  in  a  fair  state  of  repairs.  A  boiler 
house,  compressor,  and  fairly  large  camp  still  remain,  but  these  are  in  a  dilapidated 
condition.  The  workings  consist  of  two  tunnels  several  hundred  feet  in  length,  several 
stopes,  and  a  shaft 

The  deposit  occurs  in  a  band  of  limestone  20  to  30  feet  wide  inteHbedded  with 
schist  and  cut  by  quartz  diorite.  The  limestone  dips  nearly  vertically,  and  is  impreg- 
nated with  garnet,  epidote,  pyroxene,  chalcopyrite,  bomite,  chalcocite,  covellite,  ana 
small  amoonte  of  an  undetermined  white  metallic  mineral  Very  little  ore  was  seen 
in  the  lower  tunnel  and  the  stopes  were  not  accessible.  The  upper  workings  showed 
considerable  ore  of  fairly  high  grade,  but  owing  to  the  condition  of  the  tunnel  it  was 
impossible  to  get  even  a  rough  idea  of  the  amount  present.  This  deposit  is  similar 
to  a  great  many  of  the  same  type  found  in  the  coast  section  of  British  Columbia,  and 
only  two  or  three  of  which  have  proved  to  be  of  commercial  value. 

Another  deposit  similar  to  this  occurs  also  on  Oribbell  island  and  was  extensively 
explored  at  the  same  time,  but  the  writer  could  get  no  information  regarding  its 
location. 

An  interesting  copper  deposit  occurs  on  the  east  side  of  Kemano  river  7  miles 
from  its  mouth.  This  river  flows  into  Gardiner  canal  about  30  miles  above  its 
entrance  into  Douglas  channeL  The  property  was  discovered  and  staked  in  1901 
by  an  Englishman  named  Pocklington,  who  was  later  found  dead  in  his  cabin  with 
bullet  wounds  in  his  head,  which  were  presumably  inflicted  by  himself.  In  1914 
J.  L.  Stewart,  a  well  known  prospector  of  Prince  Eupert,  restaked  the  claims,  which 
had  lai>sed,  and  named  them  the  Tekla  group,  by  which  name  they  are  still  known. 
Stewart  sold  the  claims  to  the  present  owners,  Messrs.  M.  M.  Stephens,  H.  B.  Bab- 
bington,  and  H.  Flewin,  the  last  of  Port  Simpson,  and  the  two  first  of  Prince  Kupert 
In  September,  while  the  writer  was  examining  the  shores  of  Gardiner  canal,  he 
fortunately  met  Mr.  Flewin  with  a  number  of  associates,  including  Mr.  Stewart, 
who  were  camped  at  the  mouth  of  Kemano  river  waiting  for  suitable  weather  to 
ascend  the  river  and  complete  the  assessment  work  for  the  season.  The  extremely 
wet  weather  prevented  the  writer  from  visiting  the  claims,  but  the  following  informa- 
tion was  obtained  from  the  owners;  and  from  the  examination  of  a  nimiber  of  speci- 
mens which  were  kindly  supplied  by  Mr,  Flewin  and  his  partners. 

According  to  Mr.  Flewin's  description,  the  deposit  is  a  mineralized  zone  100  to 
200  feet  wide  and  a  smaller  ledge  7|  feet  wide  lying  300  feet  to  the  east  and  carrying 
bomite  and  chalcopyrite. 

The  specimens  from  the  main  ledge  consist  of  quartz  and  aplite  and  some  altered 
quartz  diorite,  in  all  of  which  are  disseminated  small  particles  of  chalcopyrite,  molyb- 
denite, and  a  very  small  amount  of  bomite.  Specimens  from  what  was  thought  to  be 
the  hanging-wall  of  this  zone  represent  a  very  highly  altered  quartz-bearing  rock  now 
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consisting  of  quartz,  muecovite,  sericite,  chlorite,  and  epidote,  and  strongly  coloured 
•by  iron  oxides.  A  sample  from  the  7i-foot  quartz  ledge  consisted  of  quartz  with 
considerable  amounts  of  bomite  and  chalcopyrite,  forming  medium  high-grade  copper 
ore. 

What  is  said  to  be  the  most  promising  copper-gold  deposit  of  the  district  occurs 
at  a  high  elevation  and  on  both  sides  of  a  deep  canyon  on  the  river  that  flows  into 
Kutze  inlet,  a  short  branch  on  the  east  side  of  Graham  reach,  about  5  miles  north  of 
Swanson  Bay.  The  proi>erty  is  owned  by  Messrs.  William  Shannon,  (George  Martin, 
and  J.  B.  Mathers  of  Vancouver.  The  sum  of  $150,000  has  been  spent  in  developing 
the  property  and  in  constructing  a  tram-Hne^  which  nms  from  the  beach  up  the  river 
for  3  miles  the  greater  part  of  the  distance  to  the  deposit  It  was  reported  during 
the  season  that  eastern  capitalists  were  negotiating  with  the  above-mentioned  owners 
for  the  purchase  of  the  property,  but  up  to  the  present  the  sale  has  not  been  reported. 

The  showings  are,  in  spite  of  the  tram-line,  at  present  rather  difficult  of  access 
and,  through  lack  of  a  map  of  the  property  or  a  guide,  the  writer  was  unable  to  see 
them.  The  geology  of  the  district  shows  that  the  deposits  lie  east  of  the  eastern 
contact  of  the  large  inclusion  of  schist  which  outcrops  along  Fraser  and  Graham  reaches 
for  21  miles. 

MAGNETITE   DEPOSIT 

A  small  deposit  of  very  pure  magnetite  occurs  on  the  northwest  shore  of  Dean 
channel  about  halfway  between  its  head  and  its  junction  with  Labouchere  channel. 
Shipments  amounting  to  1,200  tons  were  made  from  the  deposit  to  a  company  in 
Seattle  who  used  it  experimentally  in  an  attempt  to  convert  magnetite  directly  into 
steel  by  an  electrical  process.  As  these  experiments  were  made  some  months  ago,  and 
as  no  shipments  of  magnetite  have  been  made  since,  it  may  be  assumed  that  the  process 
was  not  a  success.  The  deposit  occurs  only  a  few  hundred  feet  from  the  shore  and  at 
an  elevation  of  about  200  feet.  The  magnetite  occurs  in  a  dark  green  chloritic 
schist  which  lies  between  two  large  dykes  or  masses  of  quartz  diorite,  one  of  which 
is  about  200  feet  wide  and  the  other  about  600  feet  wide,  and  situated  about  300 
feet  part.  About  one-half  mile  to  the  northeast  a  mass  of  quartz  diorite  several 
miles  in  length  outcrops  along  the  shore.  The  magnetite  occurs  as  large  masses  of 
almost  pure  mineral,  which  have  been  uncovered  for  an  horizontal  distance  of  about 
200  feet  and  a  vertical  distance  of  100  feet  The  width  is  quite  irregular,  varying 
from  a  few  feet  up  to  40  feet  and  averaging  about  20  feet.  Its  unusual  purity  and 
very  convenient  location  make  it  one  of  the  more  promising  of  the  numerous  small 
magnetite  deposits  which  occur  along  the  coast  mostly  to  the  south  of  Queen  Char- 
lotte sound. 

GALENA  DEPOSIT 

A  small  but  interesting  deposit  of  galena  occurs  about  half  a  mile  from  Swanson 
Bay  on  the  southwest  bank  of  the  creek  from  which  the  pulp  mill  derives  its  water. 
The  deposit  is  a  small,  irregular,  mineralized  zone  in  micaceous  schist.  The  minerals 
lie  in  a  faulted  zone  parallel  to  the  schistosity  and  striking  north  30  degnrees  west  and 
dipping  65  to  75  decrees  northeast 

The  mineralized  zone  consists  of  quartz  stringers  and  silicified  schist  containing 
considerable  pyrite  and  a  little  galena.  Under  the  microscope  the  ore  was  seen  to 
consist  of  pyrite,  pyrrhotite,  zinc  hlende,  galena,  and  chalcopyrite.  The  iron  sulphides 
were  depoaited  first,  then  the  zinc  blende  and  chalcopyrite,  and  lastly  the  galena.  No 
silver  minerals  were  detected.  The  chief  interest  in  this  deposit  lies  in  the  fact  that 
it  is  the  only  occurrence  of  galena  in  the  district,  and  one  of  the  few  deposits  of  galena 
occurring  west  of  the  Pacific  system. 

THERMAL  SPRINGS 

Hot  springs  occur  at  eight  widely  separated  localities  in  this  district,  at  most 
of  which  there  are  several  springs.    Six  of  these  localities  were  visited  by  ^e  writsr 
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and  the  springs  sampled.  Owing  to  the  lack  of  suitable  containers  the  samples  were 
taken  in  ordinary  oommercial  acid  bottleB  holding  about  two  litres.  The  samples 
were  analysed  by  E.  T.  Elworthy  of  the  l^ines  Branch,  Ottawa,  but,  because  of  the 
smallness  of  the  samples  not  all  the  determinations  asked  for  oould  be  made.  The 
results  of  the  analyses  are  given  in*  the  tables  (pages  42-49). 

The  flow  of  water  from  each  of  the  springs  is  not  great,  but  in  most  cases  is 
sufficient  for  bathing  establishments  even  on  a  fairly  large  scale.  At  most  of  the 
more  accessible  springs  the  loggers  or  fishermen  have  built  small  bathing  houses,  with 
wooden  tubs,  which  are  much  used  by  the  men  of  the  district.  A  large  spring  in 
South  Bentinck  arm  has  been  equipped  with  enamel  bath  tubs  by  the  Pacific  Mills 
Paper  Company  of  Ocean  Falls,  for  the  use  of  the  employees  of  the  company  engaged 
in  logging  in  thai  vicinity. 

The  analyses  show  that  four  of  the  seven  springy  sampled  contain  less  than  400 
parts  a  million  of  dissolved  salts,  which  is  rather  low  for  hot  springs.  The  three 
remaining  springe  contain  1,229,  8,628,  and  8,640  parts  a  million  of  dissolved  saks, 
the  last  being  comparatively  high. 

All  of  the  springs  but  two  have  sulphate  waters  and  all  of  these  are  sodium  sulphate 
except  the  Dean  Channel  spring  (aample  1)  which  is  a  calciimi  sulphate-calcium 
bicarbonate  spring.  The  two  which  are  not  sulphate  springs  are  the  Klekane  spring 
(sample  2)  and  the  Surf  Inlet  Mine  spring  (sample  6),  both  of  which  are  sodium 
chloride  springs  and  greatly  exceed  all  the  others  in  total  salinity.  The  bicarbonate 
radicle  is  prominent  in  only  three  springs,  the  Dean  Channel  spring  and  the  two 
Gardiner  Canal  springs  (samples  5  and  7),  both  of  which  are  sodium  sulphate  springs. 
Silica  is  moderately  high  in  all  except  ^e  two  chloride  springs,  in  which  it  is  very 
low.  Excepting  the  Dean  Channel  spring  calcium  forms  less  than  10  per  cent  of 
the  dissolved  material.  Magnesiimi  is  absent  from  all  the  sulphate  springs  except 
the  two  in  Qardiner  canal,  and  forms  about  2  per  cent  of  the  salts  of  the  chloride 
springs.  There  is  no  indication  of  the  presence  of  hydrogen  sulphide  in  any  of  the 
springs.  There  are  then  three  clearly  defined  types  of  water  in  these  springs,  sodium 
sulphate,  sodium  chloride,  and  calcium  sulphate. 

All  of  the  springs  issue  from  fissures  in  the  quartz  diorite  of  the  Coast  Range 
batholith,  except  one  in  Oardiner  canal  which  occurs  in  a  large  inclusion  of  schist. 
Masses  of  schist  also  occur  within  half  a  mile  of  the  Dean  Channel  spring  and  the 
Surf  Inlet  Mine  springs,  but  not  within  several  miles  of  the  other  springs. 

Springs  of  the  sodium  sulphate  and  calcium  sulphate  types,  although  common 
in  sedimentary  rocks,  are  rarely  found,  as  these  are,  in  igneous  rocks.  Sodium  chloride 
springs  are  also  commonly  found  in  sedimentary  rocks,  but  are  equally  common  in 
igneous  rocks  associated  with  recent  volcanic  activity.  Although  recent  igneous 
activity  has  taken  place  in  this  district  it  is  doubtful  in  most  cases  if  the  springs 
have  any  genetic  connexion  with  such  activity.  Most  of  the  springs  occur  at  great 
distances  from  any  of  the  recent  dykes  or  tuffs,  and  no  hot  springs  occur  within  24 
miles  of — and  most  of  them  are  from  45  to  80  miles  distant  from — ^the  centre  of  this 
vulcanism.  Recent  dykes  were  found  near  the  Bishop  Cove  spring,  but  this  spring 
differs  in  no  respect  from  the  other  sodium  sulphate  springs.  The  absence  of  boron 
is  a  further  indication  that  they  are  not  related  to  the  recent  vulcanism.  Similar 
springs  of  both  the  sodium  sulphate  and  sodium  chloride  types  occur  in  southeastern 
Alaska  about  400  miles  northwest  of  this  district  These  occur  in  similar  rocks  and 
their  origin  has  been  attributed  by  Alfred  H.  Brooks  and  Oerald  A.  Warring^  to  the 
fact  that  they  occur  in  a  region  which  has  been  repeatedly  subjected  to  deformation 
and  fissuring,  some  of  which  took  place  during  Tertiary  time. 

The  springs  here  described  occur  in  the  same  general  region  of  deformation  and 
some  of  them,  such  as  the  Surf  Inlet  Mine  spring  and  the  Dean  Channel  spring, 
occur  in  the  vicinity  of  pronoimced  faulting.  It  is  probable  that  these  springs  owe 
their  heat  to  the  great  depths  from  which  they  ascend  through  these  fissures. 

1  "Mineral  Springs  of  Alaska,"  Water  Supply  Paper  418.  U.S.  Geol.   Surv.,   1917. 
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This  fact,  bowerer,  makes  it  all  the  more  difficult  to  account  for  the  source  of 
the  calcium  and  sodium  sulphate  and  sodium  chloride.  The  rocks  through  which  thej 
pass  are  rich  in  both  sodium  and  calcium,  but  the  sulphate  and  chlorine  cannot  be 
accounted  for.  The  fact  that  those  having  no  chlorine  occur  right  at  the  seashore 
scarcely  above  high  tide,  whereas  those  high  in  chlorine  are  the  farthest  inland,  that 
at  Surf  Inlet  being  7  miles  from  the  sea,  would  strongly  indicate  that  the  waters  are 
not  contaminated  to  any  extent  by  sea  water. 

The  therapeutic  value  of  these  springs  cannot  be  fully  estimated  until  more 
complete  analyses  be  made  to  determine  the  presence  of  lithia,  barium,  strontium, 
iodine,  bromine,  etc,  and  until  the  radio-activity  of  the  springs  has  been  determined. 
Though  they  lack  such  characteristic  ingredients  as  sulphuretted  hydrogen,  carbon 
dioxide  gas,  and  magnesium  sulphate,  still  their  compositions  are  similar  to  some 
of  the  well-known  medicinal  springs  and  they  may  yet  prove  to  have  considerable 
therapeutic  value.  The  inhabitants  of  the  district  claim  to  have  received  beneficial 
results  from  bathing  in  these  springs.  Very  similar  springs  in  southeastern  Alaska 
have  been  popular  health  resorts  for  many  years. 

Sulphate  waters  which  precipitate  chiefly  calcium  sulphate  on  evaporation,  such 
as  the  Dean  Channel  spring,  are  among  the  most  conmion  potable  waters  on  the 
market 

SampU  I 

Sauroe.  Water  from  hot  iprlnflr  In  Bucott  bay,  west  side  of  Dean  channel,  opposite 
Labouchere  channel.    Spring  200  feet  from  shore  and  about  15  feet  above  hlirh  tide. 

Issues  from  a  crevice  In  the  quarts  dlorite  at  the  foot  of  a  steep  cliff. 

Temperature  too  hot  for  bathing. 

Colour — Colourless. 

Turbidity — Clear. 

Taste — ^Plat, 

Reaction  to  methyl  oransr^— Alkaline. 

Specific  gravity  at  15<»  C— 10005. 

Properties  of  reaction  in  per  cent —  Per  cent 

Primary  salinity 28-2 

Secondary  salinity 49-6 

Primary  alkalinity ; 

Secondary  alkalinity 22-2 

Analysia 


Constituents 


Parts 

per 

million 


Total  inorganic 

matter 

in  solution 

Percent 


Reacting 

value 
Percent 


Carbonic  add (C0») 

Bioarbonio  add (HCO») 

Sulphuric  add (SO4) 

Chlorine (CI) 

Sodium (Na) 

Potassium (K) 

Caldum (Ca) 

Magnednm (Mg) 

Iron  oxide  and  alumina 

Silica (SiOj) 

Total 

Total  solids  in  solution,  residue  dried  at  110^ 


33 

80 

8 

16 


35 
trace 
3 
16*9 

191*9 

145 


17-2 

41-8 

4-5 

8-3 


18-2 


1-5 

8-7 


111 

34-4 

4-5 

141 


35-9 
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Hypoiheiical  CombmaHan 


Solids  in 

sol. 
Percent 


Constituents 


Parts 
per  million 


Sodium  chloride 

PotasBinm  chloride 

Magnewnm  chloride 

Sodinm  sulphate 

Mngnewinm  sulphate 

Caknun  sulphate 

Sodinm  carbonate 

Sodinm  bicarbonate 

Musnesinm  bicarbonate. . . 

Caloinm  bicarbonate 

Feme  oiide  and  alumina.. 
Silica 


.(NaCl) 

(KCl) 

.(MgClt) 

.(NaiSOO 

.(MgS04) 

.(CaSOO.... 

.(NaK:!0.) 

.(NaHCO.) 

.(kgfHCO.),) 

.(Ca(HCO.),) 

.  (Fe«Of  Mid  AUOt) 
.(SiOt) 


Total. 


13 


33-5 
*8i-7' 


43-8 

30 

16-9 


191-9 


6-8 


17-5 
'42-6* 


22*8 
15 
8-7 


1000 


Sample  II 

Source.    Water  from  hot  sprlnff  at  head  of  Klekane  inlet  off  Fraeer  reach.  6  miles  north 
of  Batedale  cannery.    The  aprinc  la  about  200  yards  from  the  shore  and  20  feet  above  hi^rh 
k. 

Issues  from  crevice  in  quarts  diorite. 

Temperature  above  112<>  Fahrenheit 

Colour — Colourless. 

Turbidity— Clear. 

Tast&— SUghUy  salty. 

Reaction  to  methyl  orange— Alkaline. 

Specific  gravity  at  IS®  C— 10075. 

Properties  of  reaction  in  per  cent—  Per  cent 

Primary  salinity * 76-8 

Secondary  salinity 22-4 

Primary  alkalinity .... 

Secondary  alkalinity '. 0-8 

Analy9i9 


Constituents 


Parts 

per 

million 


Total 

inorganic 

matter  in 

solution 

Per  cent 


Reacting 

value 
Per  cent 


Carbonic  acid (COt) 

Bicarbonic  acid (HCOs) 

Sulphuric  acid ( SO4) 

CWorine (CI) 

Sodium (Na) 

Potassium (K) 

Calcium (Ca) 

Ifagnesium (Mg) 

Iron  oxide  and  alumina 

Silica (SiOi) 

Total 

Total  solids  in  solution,  residue  dried  at  110°  C. 


58 

0-7 

033 

717 

8-3 

512 

4600 

53-3 

44-50 

2523 

29-2 

37.7 

82 

0-9 

0-7 

385 

4-5 

66 

179 

21 

50 

58 

0-6 

38 

0-4 

8640 
9384 


1000 


1000 
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Hypothetical  Combination 


Constituents 


Parts 
per  million 


Solids 

in  sol. 

Per  cent 


Sodium  chloride (I 

Potassium  chloride (1 

Macpesium  chloride (B 

Sodium  sulphate (1 

Magnesium  sulphate (I 

Calcium  sulphate (C 

Sodium  carbonate (I 

Sodium  bicarbonate (^ 

Magnesium  bicarbonate () 

Calcium  bicarbonate (C 

Ferric  oxide  and  alumina (I 

Silica (g 

Calcium  chloride (C 


Total. 


h). 


6410 
156 
701 


1014 


76 
38 
58 
188 


8641  0 


74-3 
1-8 
81 


11-7 


0-8 
0-4 
06 
2-2 


1000 


Sample  III 

Source.  Water  from  hot  spring  on  shore  of  Ursula  channel  23  miles  north  of  Fisherman 
cove  and  15  miles  northwest  of  Butedale  cannery.  Spring  is  right  at  shoreline  and  1  foot 
above  high  tide. 

Issues  from  crevice  1  inch  wide  and  about  6  feet  long  in  quartz  diorlte. 

Temperature  much  higher  than  112°  Fahrenheit. 

Colour — Colourless. 

Turbidity — Clear. 

Taste — No   taste. 

Reaction  to  methyl  orange — Alkaline. 

Speclflc   gravity  at   15°   C. — 1  008. 

Properties  of  reaction  In  per  cent —  Per  cent 

Primary  salinity 75-7 

Secondary  salinity 16-5 

Primary  alkalinity .... 

Secondary  alkalinity 7-8 

Analysis 


ConstituentB 

Parts 
million 

Total 

inorganic 

matter  in 

solution 

Per  cent 

Reacting 

value 
Per  cent 

Carbonic  acid (C0») 

9-9 

20 

173-6 

240 

810 

2-6 
0-5 

441 
61 

20-5 

3*55 

Bicarbonic  acid (HCOi) 

0*35 

Sulphuric  acid (SO4) 

38-85 

Chlorine (CI) 

Sodium (Na) 

Potassium (K) 

7-24 
37-83 

Calcium (Ca) 

222 

03 

227 

58-8 

56 

11-93 

Magnesium (Mg) 

0-22 

Iron  oxide  and  alumina 

6-7 
14-9 

Silica (SiOt) 

Total 

394-5 
370 

1000 

100-00 

Total  solids  in  solution,  residue  dried  at  110°  C. 
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Hypothetical  Combination 


Constitoents 


Parts 

per 

million 


Solids  in 

sol. 
Per  cent 


Sodium  cbloride (NaCl) 

Potaasnnn  <^oride (KCl) 

H^fDeeiiiiii  chloride (MgCli) 

Sodram  sulphate (NatSOO 

Magnesmm  sulphate (MgS04) 

Caleium  sulphate (CaSO*) 

Sodtam  carbonate (NajCO») 

Sodium  bicarbonate (NaHCO») 

Magnesium  bicarbonate ^ (Mg(HCOt)s) 

Calcium  bicarbonate (Ca(HCO»)«) 

Ferric  oxide  and  alumina (FeiOi  and  AltOi) 

Silica (SiO,) 

Calcium  carbonate 


Total. 


39-4 


2040 

1-2 

500 


2-6 
22-7 
58-8 
160 


394*7 


100 


51-8 
0-3 
127 


0-6 

57 

14-9 

40 


1000 


Sample  IV 

Source.     Water  from  west  side  of  Bishops  cove.   Ursula  channel,   24   miles  northeast  of 
Butedale  cannery.     The  spring  is  60  feet  from  the  shore  and  10  feet  above  high  tlde^ 

It  issues  from  a  crevice  in  quartz  dlorite. 

Temperature  much  higher  than  112°  Fahrenheit. 

Colour — Colourless. 

Turbidity — Clear. 

Taste — Tasteless. 

Reaction  to  methyl  orange — Alkaline. 

Specific  cavity  at  16°  C. — 1  0012. 

Properties  of  reaction  in  per  cent —  Per  cent 

Primary  salinity 81  64 

Secondary  salinity 12  84 

Primary  alkalinity . . , . 

Secondary  alkalinity . .   . . -. 5  52 

Anali/aia 


Constituents 


Parts 

per 

million 


Total 

inorganic 

matter  in 

solution 

Per  cent 


Reacting 

value 
Per  cent 


Carbonic  acid (COi) 

Bicarbonio  add (HCO.) 

Sulphuric  acid (SO4) 

Chlorine (CI) 

Sodium ( Na) 

Potassium (K) 

Calcium (Ca) 

Magnesium 4Mg) 

Iron  oxide  and  alumina 

Silica (SiOi) 

Total 

Total  solids  in  solution,  residue  dried  at  110^  C. 


6-6 

3-3 

178-5 

320 

920 


17-6 
03 
5  0 

04-7 


4000 
408 


17 
08 

44-6 
8  0 

230 


4-4 


1-2 
16-2 


1000 


2-25 
0-51 

37-95 
9-29 

40-82 


8-98 
0-20 


1000 
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HypolheUedl  CombinatiaH 


Bample  V 

Source,    Water  from  hot  spring  on  Gardiner  canal,  between  Shearwater  and  Low  points 
and  about  12  miles  from  the  entrance  of  the  canal  into  Desolation  channel. 

Spring  is  at  water's  edge  on  a  small  vertical  clifT  about  2  feet  above  high  tide. 

It  issues  from  a  crevice  about  2  inches  wide  and  several  feet  long  in  chloritic  schist 

Temperature  much  higher  than  112<'  Fahrenheit. 

Colour — Colourless. 

Turbidity — Clear. 

Taste— Tasteless. 

Reaction  to  methyl  orange — Alkaline. 

Specific  gravity  at   IB®  C. — 1002. 

Properties  of  reaction  in  per  cent —  Per  cent 

Primary  salinity 75-88 

Secondary  salinity 6'76 

Primary  alkalinity 

Secondary  alkalinity 17-S6 


AnalifM 


Constitaents 


Total 

Parts 

inoigamc 

Reacting 

per 

matter  in 

value 

million 

solution 
Peroent 

Peroent 

107 

13-6 

8-68 

546 

44-4 

36*07 

60 

4-9 

5-25 

258-5 

2M 

35-57 

29-3 

2-4 

237 

67-4 

65 

10-66 

5-4 

0-4 

1*39 

50 
904 

0-4 
78 

1229 

1000 

10000 

1132 

Carbonic  add {9SA.  . 

Bioarbonic  add i¥JP9*^ 

Sulphuric  acid (BOO 

Chlorine (CI) 

Sodium 

Potassium 

Caidum 

Magnedum 

Iron  oxide  and  alumina 

Silica (SiOi) 

Total 

Total  solids  in  solution,  reddoe  dried  at  110^  C. 
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HifpoiheHodl  Combmation 


Conatitiieiits 


Parts 

per 

million 


SoUda 
in  sol. 
Per  cent 


Sodium  ohloride (NftCl). . . 

Potassium  diloride (KCl) 

Masnesinm  ohloride (MgCls). . 

Sodium  sulphate (Na«S04) . 

Hasnesinm  sulphate (MgSOO. 

Calcium  sulphate (CaSOO-. 


Sodium  carbonate (NasCOi) 

Sodium  bicarbonate (NaHCOi) 

Magnesium  bicarbonate (Mg(HCOt)i) 

Caloinm  bicarbonate (Ca(B[COi)t) 

Ferric  oxide  and  alumina (FeiOt  and  Al^t) 

SiUca (SiOt) 


550 
55-4 


7320 
26-4 
42-8 


221  0 

50 

904 


Total. 


12290 


4*4 

4*5 


59-6 
21 
3*5 


180 
0-4 

7-4 


1000 


Sample  VI 


Source,    Water  from  the  900-foot  level  on  Surf  Inlet  mine,  Princess  Royal  island, 
is  7  miles  from  the  nearest  salt  water  at  Surf  inlet,  and  200  feet  above  sea-level. 

The  water  Issues  from  a  crevice  in  quartz  diorite. 

The  temperature  is  slightly  below  atmospheric  temperature  in  the  mine. 

Colour — Colourless. 

Turbidity — Clear. 

Taste — Slightly  salty. 

Reaction  to  methyl  orange — ^Alkaline. 

Specific  gravity  at  15o  C— 10034. 

Properties  of  reaction  in  per  cent—  Per  cent 

Primary  salinity 62-4 

Secondary  salinity 8€-6 

Primary  alkalinity 

[Secondary  alkalinity 10 


This 


AnalyMiM 


Constituents 


Total 

Parts 

inorgamo 

Reacting 

mifiion 

matter  in 

value 

solution 

Percent 

Percent 

33 

0-9 

0-5 

553 

15-8 

9-6 

1696 

46-9 

39-9 

816 

225 

29-6 

75 

21 

1-6 

318 

8-7 

13-3 

785 

22 

5-5 

50 
49 

01 
13 

3623-5 

1000 

1000 

3971 

Carbonio  add (COt) 

Biearbonio  aeid (HCO  •) 

Sulphuric  add (SOO 

Chlorine (CI) 

Sodhim (Na) 

Potasshim (K) 

Caldnm (Ca) 

Magnenum (Mg) 

Iron  oxide  and  alumina 

Silica (SiOs) 

Total 

Total  solids  in  solution,  reddue  dried  at  110°  C 
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Hypothetical  Combination 


Constituents 


Parts 
million 


Solids 

in  sol. 

Percent 


Sodium  chloride 

Potassium  chloride 

Maenesium  chloride 

Sodium  sulphate 

Magnesium  sulphate 

Calcium  sulphate 

Sodium  carbonate 

Sodium  bicarbonate 

Magnesium  bicarbonate. . 

Calcium  bicarbonate 

Ferric  oxide  and  alumina.. 

Silica 

Calcium  chloride 


Total. 


).) 


2075 
143 
311 


784 


43-7 
50 

490 
213 


57-3 
3-9 
8-6 


21-6 


1-3 
01 
1-3 
5-9 


1000 


Sample  VU 

Source.     Water  from. a  hot  spring  on  the  southeast  side  of  Brim  river  which  flows  Into 
Gardiner  canal  20  miles  from  its  entrance  into  Desolation  channeL 

The  spring  was  found  about  200  yards  above  the  mouth  of  the  river,  and  on  the  bank  of 
the  river.    The  sample  was  probably  diluted  with  the  river  water. 

The  temperature  was  about  100°  Fahrenheit,  which  Is  lower  than  that  of  any  of  the  other 
hot  springs. 

Colour — Colourless. 

Turbidity — Clear. 

Taste — ^Tasteless. 

Reaction  to  methyl  orange^Alkaline. 

Specific  gravity  at  15°  C.—l  0005. 

Properties  of  reaction  in  per  cent —  Per  cent 

Primary  salinity 50  8 

Secondary  salinity 31-8 

Primary  alkalinity .... 

Secondary  alkalinity 17-4 

Analyeus 


Constituents 

Parts 

per 

million 

Total 
inorganic 
matter  in 
solution 
Per  cent 

Reacting 

value 
Per  cent 

Carbonic  acid (COi) 

Bicarbonio  add (HCO») 

400 
78 

520 
43-4 

14-2 
279 
18-5 
15-6 

8-7 

Sulphuric  acid (SOO 

21-7 

Chlorine (CI) 

Sodium (Na) 

PntrfMwium   (K) 

19-6 
25  4 

Calcium (Ca) 

Magnesium (Mg) 

Tron  oxide  and  alurninn,                                      

16-6 

12-2 

30 

35-5 

59 

43 

10 

12-6 

111 
13  5 

SiUoa (SiO,) 

Total 

2807 

273 

1000 

1000 

Total  solids  in  solution,  residue  dried  at  110^  C 
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Hypothetical  Combination 


Constituents 


Parts 

per 

million 


Solids 

in  sol. 

Per  cent 


Sodium  chloride 

Potassium  chloride 

Masnesium  chloride 

Socunm  sulphate 

Magnesium  sulphate 

Calcium  sulphate 

Sodium  carbonate 

Sodium  bicarbonate 

Magnesium  bicarbonate. . . 

Calcium  bicarbonate 

Ferric  oxide  and  alumina. 
SiUca 


.(NaCl) 

.(KCl) 

..(MgCU) 

.(NatSOO 

.(MgS04) 

.(CaSOO 

.(NajCO.) 

.(NaHCO.) 

.(Mg(HCO.)0 

.(Ca(HCO.)t) 

.  (Fe«Os  and  AltOi) 
.(SiOt) 


85-2 


30*6 
607 
12-2 


53-6 

80 

35  5 


Total. 


280-7 


30-4 


10-9 

21-6 

4-3 


191 

10 

12-6 


1000 


Sample  Ylll 

Source.  Salts  deposited  by  the  hot  spring  on  Dean  channel  from  which  sample 
I  wafl  taken. 

The  sample  was  taken  from  the  edge  of  a  large  boulder  which  projected  ovei 
the  top  of  the  spring  and  was  about  3  feet  above  the  surface  of  the  water.  The  saltf 
were  deposited  by  the  vapours  from  the  hot  water. 

Percent 

CaO 29-50 

MgO 0-44 

FCiOs   and  AI2O3 0-62 

NaiO 0-26 

SOs 42  00 

COf Very  small 

quantity,  undetermined 

HiO 2500 

SlOa 2  00 

Boron trace 
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INTRODUCTION 

Lasqueti  island  is  situated  between  Yancouyer  island  and  Texada  island,  in  the 
strait  of  G^rgia.  It  is  separated  from  the  south  end  of  Tezada  island  by  Sabine 
channel.  The  island  is  10  miles  lon^  and  averages  between  2i  and  3  miles  wide,  with 
its  longer  axis  lying  northwest  and  southeast.  It  has  a  much  indented  shoreline, 
which  is  for  the  most  part  steep  and  rocky,  with  shingle  beaches  at  the  heads  of  the 
narrow  bays.  The  surface  is  characterizol  by  irregular,  rounded  rocky  hills,  the 
highest  of  which,  mount  Tremeton,  attains  an  altitude  of  1,056  feet.  Bare  rock 
forms  a  large  proportion  of  the  surface,  but  some  of  the  valleys  near  sea-level  are 
filled  with  till  or  alluvium  sufficient  to  form  soil  suitable  for  cultivation. 

There  are  small  settlements  at  Tucker  bay  on  the  east  coaet,  and  at  False  bay 
at  the  northwest  end  of  the  island,  where  there  is  also  a  salmon  cannery.  A  coasting 
steamer  calls  once  a  week  at  Tucker  bay,  and  a  regular  service  is  maintained  by  gaso- 
line launch  between  that  bay  and  Pender  harbour  on  the  mainland. 

The  field  work  on  which  this  report  is  based  occupied  ten  days  in  July,  1921. 
The  primary  object  in  visiting  the  island  was  to  study  the  basal  Cretaceous  rocks 
which  occur  there  in  several  places,  but  the  greater  part  of  the  ten  days  was  spent 
examining  and  mapping  the  area  here  reported  on.  The  general  map  (Figure  9)  of 
Lasqueti  island  accompanying  this  report  is  a  revision  of  the  one  published  by 
Dawson  in  1886 ;  the  map  of  the  Venus  and  St.  Joseph  groups  was  made  during  the 
present  examination. 

Previous  investigations  on  Lasqueti  island  were  made  by  Eichardson^  and  by 
Dawson^.  Dawson  gives  a  full  description  of  the  Cretaceous  sediments  as  well  as  of 
the  pre-Cretaceous  volcanic  rocks.  He  also  mentions  the  "granite"  of  False  bay, 
but  did  not  follow  its  extension  across  the  island  to  Barnes  cove. 

In  1920  the  mineral  claims  were  described  by  W.  M.  Brewer.* 


1  Richardson,   James,   Geol.   Surv.,  Can.,  Kept,   of   Prog.,   1876-77,   pp.    168-169. 

2  Dawson.  G.  M.,  Geol.  Surv.,  Can.,  Ann.  Kept.,  vol.  II,  pt.  B.  1886,  pp.  41-44. 
"Brewer.  W.   M.,  Ann.  Rept.,  Min.  of  Mines,  B.C.,   1920,  p.   213. 
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GENERAL  GEOLOGY 

Table  of  Formations 


Period 


Fonnation 


Lithology 


Pleistocene  and  Recent 

Upper  Cretaceous 

Jura-Cretaceous  (?) 


Lower  Jurassic. 


Alluvium  and  Glacial  deposits 

Unconformity 
Nanaimo  series 

Unconformity 
Dykes 

Intrusive  contact 
Satellitio  rocks  of  the  Coast  bath< 
olith 

Intrusive  contact 
Texada  formation 


Stratified  sand,  till,  swamp  deposits 


Conglomerate,  sandstone,  sandy  calca- 
renite 

Quarts  diorite  porphyries  (?) 


Quartz  diorite 

Altered  amygdaloids  and  agglomerates 


Except  for  the  small  area  underlain  by  quartz  diorite  between  False  bay  and 
Barnes  cove,  and  that  occupied  by  Cretaceous  rocks,  the  whole  surface  of  Lasqueti 
island  is  occupied  by  altered  volcanic  rocks  to  which  the  name  Texada  formation  is 
applied. 

These  rocks  are  amygdaloids,  agglomerates,  and  tuffs  and  with  them  are  dense 
compact  rocks  which  may  have  been  flows  or  sills.  Dawson's  general  description  is 
quoted  here: 

"  The  island  is  composed,  for  the  most  part,  of  altered  volcanic  rocks,  which  are 
probably  a  repetition  of  those  met  with  on  the  adjacent  portion  of  the  shore  of  Texada 
island,  Sabine  channel,  occupying  an  intervening  synclinal.  The  strikes  of  the  beds, 
on  the  sides  of  the  channel,  diverge  to  the  northwestward,  coinciding  approximately 
in  direction  with  the  opposite  shorelines.  The  northern  portion  of  the  island  is  chiefly 
composed  of  amygdaloids,  while  the  southern  is  formed  principally  of  agglomerates, 
which  have,  however,  in  many  places,  been  so  much  altered  as  to  require  very  close 
examination  to  detect  their  true  character.  Some  compact  trappean  beds  occur  in 
association  with  the  agglomerates,  which  have  evidently  been  lava-flows ;  one  of  these, 
near  point  Young,  shows  a  fairly  well-marked  columnar  structure,  and  another,  three- 
quarters  of  a  mile  north  from  the  southeast  i)oint,  on  Bull  passage,  affords  an  excellent 
example  of  the  'ropy'  structure  above  alluded  to.  This  peculiar  structure  was  not 
infrequently  observed  in  other  places  in  connexion  with  the  altered  volcanic  rocks 
and  is  pretty  evidently  that  of  the  surface  of  a  lava-flow,  resembling  those  found  on 
Vesuvius  and  other  recent  volcanoes.  The  flow  of  the  viscous  or  partly  consolidated 
mass,  has  produced  a  confused  aggregate  of  knotted,  rounded,  and  irregularly  cylin- 
drical forms  of  an  involved  character,  and  without  distinct  interspaces.  The  structure 
is  not  merely  sui)erficial,  but  affects  a  considerable  mass  of  material,  which  in  this 
instance  is  now  a  bluish  feldspathic  rock,  not  evidently  amygdaloidal.  The  lithological 
characters  of  the  other  rocks  of  the  altered  volcanic  series  on  Lasqueti  are  so  similar 
to  those  of  the  rocks  of  Texada  as  not  to  require  special  description."^ 

Two  typical  specimens  of  these  rocks  were  examined  an  thin  section,  and  found  to 
consist  essentially  of  andesine  feldspar  in  lath-like  and  tabular  crystals,  and  a  pale 
brown  hornblende.  An  opaque  mineral,  probaibly  magnetite,  is  present  in  consider- 
able amounts  as  an  accessory.  This  mineral  composition  determined  the  rocks  to  be 
andesites.  They  are  comparatively  fresh  rocks,  and  their  slight  alteration  is  sur- 
prising. 

1  Dawson,  G.  M.,  Geol.  Siirv.,  Can.,  Ann.  Rept.,  vol.  II,  pt.  B,  p.  41. 
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The  structure  of  these  volcanic  rocks  is  not  evident,  but  it  is  fairly  apparent 
that  th^  form  part  of  an  effusive  and  pyroclastic  hedded  formation,  striking  north- 
west (parallel  to  the  longer  direction  of  the  island)  and  dipping  from  20  to  40  degrees 
to  the  northeast.  This  interpretation  agrees  with  the  views  of  Dawson  as  quoted 
above. 

A  feature  of  these  volcanics  is  the  vertical  crushed  zones  contained  in  them. 
There  are  many  such  zones  along  the  shore  from  Barnes  cove  to  Scottie  bay ;  they  are 
from  1  inch  to  2  feet  wide  and  strike  from  10  degrees  west  of  north  to  25  degrees  east  of 
north.  These  zones  have  apparently  had  a  considerable  localizing  influence  on  the 
mineralization  presently  to  be  described.  On  the  basis  of  Dawson's  description,  and 
their  lithological  composition,  these  altered  volcanics  are  correlated  with  the  Texada 
formation  of  Texada  island.  McConnell,  who  named  this  formation,  states  that  it 
*'  probably  belongs  to  the  same  volcanic  period  as  the  Vancouver  volcanics  of 
Vancouver  island,"^  which  are  of  Lower  Jurassic  and  Triassic  age.^ 

SAIELLITIC  BOCKS  OF  THE  CX)AST  BATHOLITH  ' 

Under  this  name  are  included  plutonic  rocks  which  underlie  the  area  between 
False  bay  on  the  south  of  the  island  and  Barnes  cove  on  the  north. 

The  rock  at  False  bay  is  light  grey,  medium  to  fine,  even  grained,  with  a  pinkish 
cast  on  the  weathered  surface.  Quartz  is  pflainly  visible  in  the  hand  specimen.  In 
thin  section  the  essential  minerals  are  andesdne  (plagioclase  feldspar)  and  quartz; 
with  subordinate  horn/blende,  biotite,  and  augite,  and  accessory  apatite  and  magnetite. 
The  constituents,  except  the  quartz,  are  all  sharply  crystallized  and  the  texture  is 
even.  The  rock  is  fresh;  the  andesine  is  only  slightly  altered,  and  the  biotite  shows 
only  incipient  alteration  to  chlorite. 

In  the  vicinity  of  Barnes  cove  the  most  common  rock  is  grey,  fresh-looking, 
medium  even-grained  quartz  diorite.  In  than  section  it  is  generally  similar  to  the 
rock  just  described,  but  there  is  noticeably  less  quartz  and  rather  more  ferro- 
magnesian  minerals.  This  agrees  with  the  difference  in  a^^^earance  in  the  hand 
specimen;  the  Barnes  Cove  rock  being  several  shades  darker  than  the  False  Bay 
variety,  and  with  inconspicuous  quartz.  The  hornblende  forms  rims  surrounding  the 
augite,  which  is  not  abundant.  The  quartz  diorite  is  usually  fresh  looking  and  very 
little  alteration  can  be  detected  in  thin  section,  but  in  the  shear  zones  the  rock  is 
greatly  altered,  and  its  identity  is  often  doubtful  in  the  field.  This  sheared,  altered 
variety  appears  imder  the  microscope  as  a  mixture  of  altered  feldspar,  calcite,  quartz, 
and  chlorite,  with  the  usual  accessory  minerals,  and  in  addition  titanite,  which  was  not 
found  in  the  slides  of  the  fresher  rocks.  It  is  as  a  replacement  of  this  altered  and 
sheared  quartz  diorite  that  the  ore-shoots  occur. 

Near  the  contact  with  the  volcanics  variations  in  grain  are  conamon,  but  the 
quartz  diorite  is  not  chilled.  In  some  places  on  the  Venus  grov^  concentrations  of 
bladed  crystals  of  hornblende  up  to  2  inches  long  occur  in  irregular  schlieren  in  the 
quartz  diorite.  At  the  contact  on  the  shore  west  of  the  St.  Joseph  tunnel  the  intrusive 
is  exceptionally  rich  in  hornblende,  which  forms  80  per  cent  of  the  rock,  forming 
equant  crystals  up  to  A  inch  across.  This  rock  is  tightly  sealed  against  the  volcanics, 
without  any  sign  of  chilling.  Here,  also,  the  contact  relations  indicate  intrusion  of 
the  quartz  diorite  into  rocks  which  were  sufficiently  hot  not  appreciably  to  chill  the 
intrusive.  The  dykes  and  apophyses  extending  from  the  quartz  diorite  into  the 
volcanics  are  frequently  fine-grained,  pinkish  and  reddish  aplitic  rocks.  These  aplites 
also  occur  in  dykes  or  veins  of  varying  shape  and  size  cutting  the  quartz  diorite  itself. 

DTKES 

Besides  the  dykes  and  apophyses  clearly  related  to  the  quartz  diorite  that  cut  the 
▼olcanicSy  certain  olihere  occur  which  have  not  been  observed  intruding  the  quartz 

1  McConnell,  R.  Q.,  OeoL  Surv.,  Can.,  Mem.  58,  1914,  p.  26. 
s  ClApp,  C.  H.,  Geo!.  Surv.,  Can.,  Mem.  86,  1913,  p.  28. 
Clapp,  C.  H.,  Gool.  Surv..  Can,.  Mem.   96,   1917,  p.   128. 
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diorite.  These  are  dark  grey,  tough,  hard  porphyries,  with  yellowish  and  greyish 
white  phenocrysts  of  plagioclase  up  to  i  inch  across  in  a  dense  matrix  in  which  smaller 
hornblende  phenocrysts  alLso  occur.    They  are  probably  quartz  diorite  porphyries. 

Near  the  St.  Joseph  tunnel  one  of  these  dykes  contains  sparingly  disseminated 
fine-grained  pyrite,  and  along  one  contact  is  a  crushed  zone  6  to  8  inches  thick, 
containing  lenticles  of  pyrite  and  chalcopyrite  12  inches  long  by  J  inch  thick. 

NANAIMO   SERIES 

Conglomerate,  eandstone,  and  the  fragmental  type  of  limestone  known  as  calcaren- 
ite,  of  Upper  Cretaceous  age,  and  belonging  to  the  Nanaimo  series,  outcrop  at  several 
locaHties  in  such  a  way  as  to  suggest  that  the  rocks  are  parts  of  a  once  continuous 
fringe  that  formerly  ran  almost  around  the  island.  As  they  were  formed  after,  and 
have  no  connexion  with  the  copper  deposits  they  will  not  be  further  described  here, 
A  description  of  them  is  given  by  Dawson.* 


ECONOMIC  GEOLOGY 

COPPEa  DEPOSITS 

Venus  Chroup 

The  Venus  group  consists  of  nine  mineral  clain^  and  a  fraction,  extending 
southerly  from  Barnes  cove  across  the  island.  The  principal  workings  are  on  the 
Mars  claim,  which  almost  surrounds  Barnes  cove.  At  the  head  of  the  cove  two 
adits  have  been  driven,  the  lower  one  at  the  shore  and  5  feet  above  high-tide  line, 
the  upper  one  16  feet  directly  above.  The  length  of  the  upper  tunnel  is  80  feet; 
that  of  the  low^r  140  feet.  Part  of  the  intervening  ground  has  been  stoped,  and 
a  winze  was  extended  from  the  lower  tunnel  to  a  depth  at  the  time  the  property  was 
examined  of  70  feet.  Besides  these  imderground  workings,  numerous  surface  pits, 
trenches,  and  strippings  have  been  made. 

Only  vague  surface  indications  were  evident  on  the  Mars  claim,  but  the  slight 
mineralization  at  the  St.  Joseph  mine  and  at  the  mouth  of  Barnes  cove  induced  some 
prospectors  to  do  surface  stripping  at  the  head  of  the  cove.  This  work  disclosed  a 
seam  of  oxidized  minerals  no  wider  than  a  knife  blade,  on  which  a  pit  was  sunk, 
disclosing  a  considerable  body  of  chalcopyrite.  The  accompanying  plan  (Figure  10)  of 
the  Venus  and  St.  Joseph  groups  illustrates  the  surface  geology.  A  tongue  of  diorite,, 
the  most  northerly  extension  of  the  mass  outcropping  at  False  bay,  intrudes  the  meta- 
morphosed volcanics  with  very  irr^rulsr  contacts.  Bifurcating  this  tongue  is  a 
long,  narrow  strip  of  the  invaded  rocks  which  is  thought  to  represent  a  roof  pendant. 
Numerous  inclusions  of  the  volcanics  are  found  in  the  diorite,  some  of  which  are 
large  enough  to  be  shown  on  the  plan. 

It  will  be  observed  that  the  dex)Osit  on  the  Mars  claim  lies  in  the  intrusive,  which 
at  this  place  is  a  dark  grey,  fresh-looking,  medium  to  fine,  even-grained  rock,  composed 
of  about  equal  amounts  of  plagioclase  and  hornblende.  It  shows  minor  variations 
in  texture,  and  is  cut  by  a  few  narrow  aplitic  veins. 

At  the  place  where  the  adits  have  been  driven  this  is  crushed  and  slickensided  in 
a  nearly  vertical  zone  striking  north  25  degrees  east.  The  width  of  the  zone  varies 
from  4  inches  to  several  feet,  and  the  intensity  of  crushing  is  also  variable.  In  some 
places  the  rock  is  so  slickensided,  crushed,  and  chloritized  that  its  recognition  is  a 
matter  of  some  difficulty.  Two  hundred  feet  from  the  shore  at  the  Venus  adit  a 
fault  striking  east  and  west  offsets  the  tongue  of  volcanics  for  a  distance  of  45  feet 
measured  horizontally  along  the  fault  plane.  Further  than  this  the  relative  move- 
ment of  the  two  sides  of  the  fault  is  not  known.    In  this  crushed  zone  in  the  diorite 

1  Dawson,  G.  M.,  Qeol.  Surv.,  Can.,  Ann.  Rept.,  vol.  II,  pt.  B,  1886,  pp.  41-44. 


Digitized  by 


Google 


55  a 


C/JA^ 


Ouartfimaty        Mesgzoic 

P/eisipcene  Jura  -CretojoeousC^)  Loiter  Jupassic  r) 


•  rp:  . 


^J-C  J-C 


TiiL^/fu^iumand       Quartz diorfte  Quartz dtorite      /^ftsned arnygdaJofds,  Pits,operh-ajts 
surface  debhSiShc^n   porphyry  dy^kes  ^^lomeraJbes^etc- 

only  where  bedrock  is 
completely  obscured  ScaJe  of  feet 

too      O  SOO  HXXJ 

GaofogicAl  Survey^  Ca/^^su 


Figure  10.     Plan  of  Venus  and  St.  Joseph  groups  of  mining  claims.  Lasqueti  island,  B.C. 
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occurs  the  prinoipal  mineralization.  This  is  a  shoot  of  nearly  solid  chalcopyrite  -with 
some  pyrite,  the  greatest  thickness  of  which  is  4  feet;  in  some  places  now  stoped  this 
was  solid  chalcopyrite,  but  generally  the  shoot  contained  strips  of  cruehed  diorite. 
The  stope  length  of  the  shoot  in  the  lower  tunnel  is  about  80  feet;  as  the  lower  part 
has  not  yet  been  extracted  its  pitch  length  or  direction  ie  not  known. 

In  the  less  crushed  portion  of  the  zone  the  chalcopyrite  occurs  in  thin  lenses 
which  appear  to  have  been  caused  partly  by  filling  and  partly  by  replacement.  In  the 
more  crushed  zones  the  chalcopyrite  forms  a  larger  proportion  of  the  total  mass, 
surrounding  yarious  sized  fragments  of  slickensided  and  chloritized  quartz  diorite 
and  in  these  zones  the  principal  mode  of  introduction  of  the  ore  is  apparently  replace- 
ment of  the  crushed  rock.  A  polished  surface  of  tyxncal  ore,  for  the  preparation 
and  examination  of  which  the  writer  is  indebted  to  Mr.  George  Hanson,  corroborates 
the  ideas  concerning  the  formation  of  the  ore  by  replacement  which  had  been  inferred 
from  the  field  relations  and  hand  specimens.  By  means  of  this  polished  specimen, 
small,  disjointed  grains  of  magnetite  were  detected  in  the  ore,  which  explains  the 
faintly  magnetic  property  of  some  specimens.  A  mineral  thought  to  be  sphalerite  also 
occurs  sparingly  in  small  grains. 

Up  to  December,  1921,  196  tons  of  ore  had  been  shipped  to  the  Tacoma  smelter 
from  this  deposit,  the  returns  from  which  are  stated  to  have  averaged : 

Copper 12-82  per  cent 

Gold 0-63  o«.  per  ton 

Silver 3-27  ois.  per  ton 

Though  this  ore  was  hand-picked,  much  of  it  was  shipped  just  as  taken  from 

the  mine.    A  sample  that  was  mostly  chalcopyrite  is  said  to  have  given  the  following 

results : 

Copper 31-65  i)er  cent 

Gold 0-08  o«.  per  ton 

Silver 4-32  ozs.  i)er  ton 

A  sample  that  was  largely  pyrite  is  said  to  have  contained : 

Copper 5-50  per  cent 

€k>ld 116  ozs.  per  ton 

Silver 8-84  OZ8.  i>er  ton 

Along  the  western  contact  of  the  narrow  strip  of  volcanics  on  the  Venus  and 
Venus  Fraction  claims,  a  certain  amount  of  mineralization  occurs  in  several  pits  and 
trenches.  Wherever  this  mineralization,  which  consists  of  disseminated  pyrite  witli 
small  amounts  of  chalcopyrite,  has  been  found  the  quartz  diorite  is  crushed  and 
sheared,  and  the  pyrite  and  chalcopyrite  are  confined  to  the  sheared  parts. 

On  Hill  60  mineral  claim  there  is  a  deposit  remarkable  for  its  straightnees  and 
continuity,  to  which  for  lack  of  a  better  term  the  name  'Mineralized  zone"  has  been 
applied.  This  zone  is  usually  from  2  to  4  feet  wide  and  can  be  traced  continuously 
for  900  feet  by  means  of  a  depression  down  to  2  feet  deep  which  it  forms  on  the 
surface.  This  depression  is  marked  by  the  difference  between  the  amount  of  vegeta- 
tion growing  in  it,  and  that  on  the  adjoining  rocks.  All  along  the  depression  the 
growth  of  sallal  is  noticeably  more  luxuriant  than  elsewhere  in  the  vicinity.  Its 
course  is  also  marked  by  a  hedge  of  small  jackpines  which  are  doomed  to  early  decease 
if  one  may  judge  from  the  chevaux-de-frise  of  their  dead  predecessors  lying  along  the 
depression,  none  of  which  attained  a  height  of  more  than  10  feet.  The  broken  material 
comprising  the  zone  lends  itself  readily  to  the  soil-forming  processes  of  dieintegration 
and  decay.  Once  a  depression  was  initiated  the  concentration  of  moisture  in  it 
accelerated  the  process,  at  the  same  time  providing  in  itself  an  agent  favourable  to 
tlie  growth  of  vegetation. 

This  mineralized  zone  crosses  quartz  diorite  and  volcanic  alike,  and  is,  therefore, 
a  post  intrusion  feature.  No  sign  of  offsetting  could  be  detected  where  it  intersects; 
any  of  the  quartz  diorite-volcanic  contacts,  and  it  must  be  a  shear  or  crush  zone- 
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rather  than  a  fault.  Two  pits  have  been  sunk  on  it  where  the  zone  is  in  quarts 
diorite.  In  the  pit  at  the  northeastern  end  the  shearing  is  40  degrees  east  of  north, 
and  dips  88  to  86  degrees  southeast.  A  section  across  the  zone  from  northeast  to 
southwest  at  this  point  is  as  follows : 

Thickness 
Ft         Iiu 
The  hanflring-wall  is  broken  but  not  irreatly  sheared. 

Loose  8U£rary  pyrite ;  decomposed  to  grossan  for  6  feet  from  surface  up  to  6 

Greatly  crushed  quartz  diorite 0-5 

Massive  quartz  diorite  much   iron   stained   and  with   disseminated 

pyrite 4 

Sheared  quartz  diorite  with  malachite  stains 5 

Vein  of  pyrite  and  chalcopyrite 0-5  to  1 

Cracked  quartz  diorite 8 

Oxidized  pyrite  and  quartz 1 

Cracked  quartz  diorite 2           4 

Quartz  stringer 0-25 

Cracked  quartz  diorite 1           8 

Pjrrite   and   quartz 0-25 

7  ft.  11-6  ins.  to  8  ft  Bin. 

The  foot-wall  is  cracked  quartz  diorite  with  paper-thin  quartz  stringers.  A 
sample  of  picked  material  from  this  pit  taken  by  W.  M.  Brewer,^  contained:  copi>er, 
14-4  per  cent;  gold,  0*88  ounce  per  ton;  silver,  1-8  ounces  per  ton.  Northeast  of  this 
pit  the  rocks  for  several  hundred  feet  are  obscured  by  alluvium  and  vegetation  and 
the  extension  of  the  mineralized  zone  in  that  direction  cannot  be  traced.  At  a 
distance  of  650  feet  along  the  zone  from  the  pit  just  described  another  open-cut  in 
the  quartz  diorite  affords  the  following  section  of  the  zone. 

The  strike  of  the  shearing  here  is  45  degrees  east  of  north,  and  the  dip  85*  degrees 
northwest,  the  opposite  direction  from  the  dip  at  the  first  pit. 

Inches 
The  hanging-wall  is  strongly  sheared. 

Soft  chlorite  gouge 4 

Loose,  sugary  pyrite 4 

Very  soft,  clayey  gouge 1-5 

Incoherent  pyrite 0-75 

Sheared  quartz  diorite 2 

12  25 
The  foot-wall  is  cracked  quartz  diorite. 

The  southwestward  extension  of  this  zone,  like  the  northeastward,  is  concealed  by 
v^etation  and  alluvium.  Mr.  Henry  Lee,  Managing  Director  of  the  Lasqueti  Island 
Mining  Company  that  is  developing  the  property,  makes  the  interesting  suggestion 
that  there  may  be  a  genetic  connexion  between  this  mineralized  zone  and  the  crushed 
zone  on  the  St  Joseph  claim.  The  strike  of  the  zone  just  described,  if  produced, 
meets  the  crushed  zone  at  the  St.  Joseph  tunnel,  but  the  rocks  in  the  intervening 
distance  of  2,000  feet  are  concealed. 

St.  Joseph  Group 

The  St.  Joseph  group,  adjoining  the  Venus  group  on  the  east,  consists  of  three 
claims,  two  of  which  are  shown  on  the  accompanying  plan  (Figure  10).  The  work- 
ings consist  of  an  adit  just  above  high-water  mark,  with  a  length  of  116  feet;  an 
inclined  shaft  from  the  surface  intersects  the  adit  and  is  said  to  extend  to  a  dep^ 
of  100  feet,  from  which  point  a  level  parallel  to  the  adit  extends  for  an  unknown 
distance.  These  workings  were  made  previous  to  1908,  and  since  that  year  the  pro- 
perty has  not  been  operated.  This  deposit  lies  in  a  crushed  zone  in  the  volcanics 
which  are  here  more  than  ordinarily  massive,  as  if  the  movements  in  the  vicinity 
had  all  been  localized  in  one  place.  The  crushed  zone  is  from  2  to  4  feet  wide, 
strikes  30  degrees  east  of  north,  and  dips  02  degrees  northwest.    The  mineralization 

1  Brewer,  W.  M.,  Ann.  Rept.  Min.  of  Mines.  B.C..  1920.  p.  213. 
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consists  of  irregular  patches  and  small  shoots  of  pyrite  and  chalcopyrite  apparently 
occurring  as  replacements  in  the  crushed  volcanics.  There  is  no  indication  of  any 
of  these  shoots  having  been  as  large  or  as  rich  as  the  one  at  the  Venus  mine.  On 
the  steep  shore,  80  feet  west  of  the  portal  of  St.  Joseph  adit,  a  vertical  dyke,  prob- 
ably a  quartz  diorite  porphyry,  10  feet  thick,  strikes  north  80  degrees  east.  This  dyke 
cuts  massive  volcanics  and  along  its  southeastern  contact  lies  a  mineralised  streak 
in  a  crushed  zone  6  to  8  inches  thick.  This  zone  contains  lentides  of  pyrite  12 
inches  long  by  i  inch  thick,  together  with  some  chalcopyrite  and  malachite  stains. 
The  dyke  itsdf  contains  some  sparingly  disseminated  pyrite,  and  it  is  possible  that 
it  has  caused  the  mineralization  alongside  of  it.  It  is  possible,  too,  that  the  miner- 
alization of  the  St.  Joseph  tunnel  is  connected  with  this  dyke. 

A  pile  of  hand-picked  mineralized  rock  lying  at  the  entrance  of  the  adit  was 
sampled  by  W.  M.  Brewer  in  1920,  and  the  result  of  the  assay  gave: 

Copper 11-4    percent 

Gold 0-82  OS.  per  ton 

Silver 2-2    o«s.  per  toni 

Origin 

The  mineralization  and  mode  of  occurrence  leave  no  doubt  that  both  of  these 
occurrences  are  instances  of  primary  deposition.  The  location  of  the  Venus  deposit 
near  the  end  of  a  tongue  of  quartz  diorite  projecting  into  the  invaded  rock,  and  its 
intimate  association  with  shearing  in  the  quartz  diorite,  lead  to  the  conclusion  that 
the  mineralization  was  caused  by  some  of  the  later  magmatic  emanations  which  were 
evolved-  from  deeper-seated  parts  of  the  quartz  diorite  mass  after  the  marginal  zones 
had  solidified  sufficiently  to  be  sheared  and  crushed.  A  similar  origin  can  be  assigned 
to  the  mineralized  zone  on  the  Hill  60  claim. 

'  There  are  two  possible  modes  of  origin  for  the  St.  Joseph  deposit.  It,  too,  may 
be  connected  with  the  quartz  diorite,  in  which  case  its  relative  leanness  may  be  due 
to  the  greater  distance  of  travel  of  the  metallic  minerals,  and  their  localization  in 
the  volcanics  rather  than  in  the  intrusive  rock.  On  the  other  hand,  it  may  be 
genetically  connected  with  the  porphyry  dyke  described  above. 


>  Brewer,  W.  Bf..  Ann.  Rept,  Mln.  of  Mines,  B.C.,  1920,  p.  213. 
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INTRODUCTION 

Placer  mining  has  been  carried  on  intermittently  in  Barkerville  area  ever  einoe 
the  discovery,  over  sixty  years  ago,  of  the  gold-bearing  creeks — ^Antler,  Williams, 
Lightning,  and  several  others — which  have  rendered  the  district  famous.  In  the 
early  days  of  mining  in  the  district,  the  gold  was,  for  the  most  part,  recovered  by 
drifting,  and  at  a  later  period  by  hydraulicking ;  and  some  of  the  hydraulic  mines 
have  been  in  operation  nearly  every  year  for  the  past  forty  years.  In  recent  years 
attempts  have  been  made  to  interest  capital  in  the  possibilities  of  gold-dredging,  a 
phase  of  mining  which  as  yet  has  not  been  attempted  in  the  Barkerville  area, 
although  it  has  been  successfully  carried  on  in  many  other  placer  regions. 

Parts  of  Cariboo  district  were  examined  geologically  by  G.  M.  Dawson  in  1876 
and  1894.  The  results  of  his  work  and  summaries  of  the  history  of  placer  mining 
in  the  region  are  given  in  the  report  of  Progress  of  the  Geological  Survey,  Canada, 
1876-77;  in  the  Annual  Report  for  1887-88,  part  II,  and  in  the  Summary  Report,  18Wr. 
Cariboo  mining  district  was  topographically  and  geologically  mapped  in  1885  and 
1886  by  Amos  Bowman,  assisted  by  James  McEvoy.  The  first  part  of  Bowman's 
report,  dealing  chiefly  with  the  general  geology  and  the  possibilities  of  lode  mining 
in  the  district,  was  published  in  the  Annual  Report  of  the  Geological  Survey,  Canada, 
1887-88.  The  second  part,  in  which  it  was  intended  that  detailed  descriptions  of 
the  principal  auriferous  creeks  should  be  given,  was  not  published.  A  number  of 
detailed  maps  of  the  creeks  were  prepared  by  Mr.  Bowman,  but  in  June,  1894,  he 
died  without  having  written  any  descriptive  matter  to  accompany  these  maps.  The 
maps,  however,  were  published  in  1895  by  the  Geological  Survey  and  were  accom- 
panied by  an  explanatory  note  by  G.  M.  Dawson. 

In  1918  B.  R.  MacKay,  of  the  (^logical  Survey,  began  an  investigation  of  the 
Cariboo  gold  r^ion  and  continued  his  work  during  parts  of  that  and  the  succeeding 
year.  The  results  of  part  of  his  work  are  contained  in  the  Summary  Reports  of  the 
Geological  Surv^  for  those  years.  In  1920,  a  topographic  map  of  the  Barkerville 
area,  embracing  210  square  miles,  was  made  by  D.  A.  Nichols  of  the  Topographical 
Division,  G^logioal  Survey.  The  map  will  be  published  on  the  scale  of  1  mile  to  the 
inch,  with  a  contour  interval  of  100  feet. 
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Much  valuable  information  regarding  mining  operations  in  the  district  is  given 
in  the  reports  of  the  Minister  of  Mines  of  British  Columbia,  which  have  been  issued 
annually  since  1874.  The  report  for  the  year  1902  is  of  special  interest,  as  it  contains 
a  comprehensive  description  by  Wm.  Fleet  Kobertson,  Provincial  Mineralogist,  of  the 
placer  deposits  and  the  mining  operations  then  in  progress.  In  the  report  for  1914, 
the  mining  operations  of  the  district  were  described  by  J.  D.  Galloway,  Assistant 
Provincial  Mineralogist,  and  a  report  is  now  submitted  annually  by  Mr.  Galloway  as 
resident  engineer  of  the  district.  In  other  years  the  general  progress  of,  and  informa- 
tion about  the  district  have  been  given  by  the  gold  commissioner. 

The  history  of  mining  in  the  district  prior  to  1878  is  given  in  considerable  detail 
by  Bancroft  in  his  "History  of  British  Columbia"  published  in  1887,  and  also  by 
F.  W.  Howay  and  E.  O.  S.  Scholefield  in  "  British  Columbia  From  the  Earliest  Day<§ 
to  the  Present,"  published  in  1914.  Interesting  data  on  the  subject  are  to  be  found 
in  numerous  other  publications  and  manuscripts,  including  the  early  reports  of  the 
gold  commissioners,  which  are  available  for  reference  in  the  excellent  Parliamentary 
library  at  Victoria,  British  Columbia.  A  few  rare  volumes  and  manuscripts  on 
Cariboo  are  available  for  reference  in  the  Public  Archives  at  Ottawa,  also.  These  old 
reports,  as  well  as  the  later  reports  and  Bowman's  maps,  are  of  interest  and  import- 
ance because  they  furnish  the  main  evidence  as  to  which  creeks  were  thoroughly 
tested  in  the  early  days  of  mining,  a  question  which  because  of  the  peculiar  condition 
existing  in  Cariboo — the  presence  of  glacial  drift  overlying  the  gold-bearing  gravels — 
has  arisen  many  times  in  the  past,  and  will  doubtless  arise  in  the  future. 

Two  papers  by  J.  B.  Tyrrell,  dealing  with  the  geology  and  placer  mines  of  Cariboo, 
have  been  published  recently.  One  of  these,  entitled  "Was  There  a  Cordilleran 
Glacier  in  British  Columbia  ? "  appeared  in  the  Journal  of  Geology,  vol.  27,  1919,  and 
the  other,  "  Notes  on  the  Placer  Mines  of  Cariboo,  British  Columbia,"  was  published 
in  Economic  Geology,  vol.  14,  1919.^ 

The  writer  spent  two  months  in  1921  in  an  examination  of  the  placer  deposits  of 
Barkerville  area  and  other  parts  of  Cariboo  district,  continuing  the  work  of  B.  R. 
MacKay  who  resigned  from  the  Geological  Survey  in  1920.  Attention  was  directed 
mainly  to  Williams,  Antler,  and  Grouse  creeks,  and  detailed  maps  were  made  of  parts 
of  these.  No  attempt  is  here  made  to  give  a  general  account  of  the  possibilities  of 
placer  mining  in  the  area,  for  in  the  short  time  devoted  to  its  study  it  was  possible  to 
gain  only  a  general  knowledge  of  the  history  of  the  mining  of  a  few  of  the  numerous 
creeks,  and  of  the  mode  of  occurrence  and  origin  of  the  pay  gravels. 

The  writer  is  indebted  to  Mr.  John  Hopp  for  information  regarding  the  results 
of  Keystone  drilling  on  Williams  creek;  and  to  Mr.  J.  G.  McLaren  for  information 
regarding  the  results  of  drilling  on  Antler  creek.  Acknowledgments  are  due  also  to 
Mr.  Lawrence  Muller,  manager  of  the  Hopp  mines,  to  Mr.  C.  W.  Moore,  manager  of 
the  New  Waverly  hydraulic  mine,  to  Mr.  L.  A.  Dodd,  gold  commissioner,  to  Mr. 
L.  A.  Bonner,  and  to  many  other  mining  men  of  the  district. 

GENERAL  CHARACTER  OF  THE  DISTRICT 

ACCESSmiLITT 

Barkerville  area  may  be  easily  reached  by  the  Pacific  Great  Eastern  railway  from 
Vancouver  to  Quesnel  or  by  steamer  from  Prince  George  to  Quesnel,  and  thence  60 
miles  by  stage  to  Barkerville,  or  by  automobile  stage  from  Ashcroft  to  Barkerville. 
The  Keithley  district,  30  miles  southeast  of  Barkerville,  is  reached  by  a  road  passable 
for  automobiles  from  Williams  lake  to  Quesnel  Forks  and  thence  18  miles  by  a  rough 
wagon  road  to  Keithley.  A  pack  trail  connects  Keithley  and  Barkerville,  and  wagon 
roads  connect  most  of  the  important  creeks  in  the  Barkerville  area. 

1  A  paper  on  "Cariboo  Placers  and  Lodes"  by  J.  A.  Macpherson  also  appeared  In  the  Min. 
and  Kng.  Record,  vol.  XXIV.  1919. 
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CLIMATE 


Records  of  climatic  observations  at  Barkerville  are  available  from  18S8  to  1921. 

The  mean  annual  temperature  at  Barkerville  is  35*7  degrees,  nearly  the  same  as 
that  of  southern  Manitoba.  The  temperature  extremes  throughout  the  year  are,  how- 
ever, less  than  in  southern  Manitoba,  the  sunmiers  being  cooler  and  the  winters  milder. 
The  mean  temperature  for  July,  the  warmest  month,  is  54  degrees,  whereas  at  Win- 
nipeg it  i9  66*2  degrees.  The  mean  temx>erature  for  January,  the  coldest  month,  is 
17  degrees,  whereas  at  Winnipeg  it  is  —4  degrees.  The  temperature  rarely  rises  above 
80  degrees  in  the  warmest  month  or  below  —20  degrees  in  the  coldest  month  and  in 
some  years  these  extremes  are  not  reached. 

The  average  annual  precipitation  (rainfall  and  melted  snowfall)  at  Barkerville 
is  34*5  inches  and  is  well  distributed  throughout  the  year.  The  monthly  average  for 
the  sfommer  months  June,  July,  and  August  is  3-2  inches  and  is  slightly  greater  than 
for  the  winter  months.  The  average  winter's  snowfall  is  185  inches.  It  varies  greatly 
from  year  to  year.  In  the  winter  of  1904-05  it  was  only  97  inches;  in  the  winter  of 
1916-17  it  was  258*3  inches. 

It  is  probable,  so  far  as  climatic  conditions  are  concerned,  that  dredging  could  be 
carried  on  in  the  area  throughout  nearly  the  whole  year. 

PHYSICAL  FEATURES 

Because  of  the  considerable  relief,  Barkerville  area  is  generally  described  as 
mountainous,  but,  as  pointed  out  by  G.  M.  Dawson^,  it  is  perhaps  more  correct  to 
regard  the  region  as  a  deeply  dissected,  high-level  plateau,  the  plateau  level  being 
preserved  only  in  the  interstream  areas.  The  Cariboo  Mountain  range,  characterized 
by  rugged  peaks  covered  with  peri)etual  snow,  lies  about  20  miles  east  of  Barkerville 
and  forms  the  eastern  boundary  of  the  plateau.  In  the  vicinity  of  Barkerville,  the 
plateau  level  is  6,000  to  6,200  feet  above  the  sea.  Most  of  the  important  gold-bearing 
streams  (Figure  11),  Antler,  Grouse,  Williams,  Jack  of  Clubs,  and  Lightning,  rise  in 
the  Bald  Moimtain  plateau — so-called  because  it  is  largely  above  timber-line — above 
which  rises  mount  Agnes,  an  isolated  peak  about  300  feet  above  the  general  plateau- 
level.  Only  the  creeks  flowing  north,  northeast,  and  northwest  from  Bald  mountain 
are  gold-4)earing  except  some  of  the  tributaries  of  Swift  river.  The  creeks 
descend  rapidly  from  the  plateau-level,  so  that  within  a  distance  of  5  to  10  miles 
from  their  sources  they  flow  in  valleys,  the  bottoms  of  which  are  in  places  over  2,000 
feet  below  the  plateau-level.  The  valleys  are  narrow  and  steep-sided  in  the  upper 
parts,  but  in  places  have  the  U-shaped  cross-section  characteristic  of  glacially  eroded 
valleys.  They  broaden  out  in  the  lower  parts,  where  they  are  deeply  drift-filled  and 
have  alluvial  flats  with  a  general  elevation  of  about  4,000  feet 

The  remarkably  flat-topped  summits  on  the  interstream  areas,  and  the  fact  that 
the  nearly  level  surface  is  formed  by  the  truncated  edges  of  a  highly  folded  and  steeply 
dipping  series  of  sedimentary  rocks — ^which  were  nearly  horizontal  when  deposited — 
shows  that  the  area  was  once  mountainous  and  was  worn  down  nearly  to  a  plain.  The 
deep  valleys  have  been  cut  down  below  the  plateau-level  and  are  evidence  of  still 
further  erosion  of  the  bedrock,  so  that  it  is  evident  several  thousand  feet  of  rock 
have  been  eroded  away  in  places.  One  of  the  conditions  for  the  formation  of  rich 
placer  deposits  was,  therefore,  fulfilled,  the  others,  also  fulfilled,  being  that  the  rocks 
eroded  were  in  part  gold-bearing  and  the  gold  placers  were  preserved  from  erosion. 

The  area  is  well  wooded  except  on  the  summits,  and  an  abundance  of  timber, 
chiefly  spruce,  is  available.  The  area  in  the  immediate  vicinity  of  Barkerville,  as 
shown  by  old  photographs,  was  almost  entirely  denuded  of  forest  in  the  sixties,  but 
has  since  become  reforested  (See  Plates  II  A  and  B). 

iGeoL  Surv..  Can,,  Ann.  Rept.,  vol.  III.  pU  II,  1887-88,  p.  SO  R. 
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GENERAL  GEOLOGY 

GLACUTION 

A  remarkable  fact  and  one  difficult  of  explanation  is  that,  although  the  r^on  was 
glaciated,  the  gold  placers  were  not  destroyed  nor  materially  eroded.  The  gold-bearing 
gravels  are  in  part  post-glacial,  but  by  far  the  most  important  deposits  are  preglacial 
or  Tertiary.  Their  preglacial  age  is  obvious  from  the  fact  that  the  placer  deposits  are 
largely  buried  beneath  glacial  drift,  and  because  only  by  the  erosion  of  considerable 
thicknesses  of  the  bedrock,  and  concentration  of  the  gold  by  stream  action,  could  the 
gold  placers  have  been  formed. 

Glacial  drift  is  abundant  in  the  area,  and  in  places  fills  the  valley  bottoms  to  a 
depth  of  100  to  250  feet  In  many  cases,  it  mantles  the  sides  of  the  valleys  up  to  over 
1,000  feet  above  the  valley  floors  and,  in  some  places — ^as  on  Proserpine  mountain — 
true  boulder  clay  occtirs  at  an  altitude  of  5,500  feet  At  higher  altitudes  the  drift  is 
mostly  very  thin  or  is  absent,  but,  as  pointed  out  by  MacKay,^  erratics  occur  on  some 
of  the  highest  summits,  at  altitudes  of  nearly  6,500  feet.  The  glacial  drift  in  the 
▼alleys  is  nearly  all  of  local  origin,  but  foreign  boulders  occur.  For  example,  large 
boulders  of  conglomerate  are  fairly  abimdant  in  the  upper  part  of  Williams  creek. 
Glacial  striae  are  well  developed  in  places  and  are  particularly  distinct  on  both  sides  of 
Williams  creek,  a  short  distance  above  the  canyon  between  Barkerville  and  the  old 
town  of  Richfield.  Here  the  stria  trend  downstream  and  show  that  the  ice  eroded  the 
bedrock  of  the  vall^  sides,  but  did  not  affect  the  valley  floor  which  retained  very  rich 
placer  ground.  A  considerable  area  of  bedrock,  glacially  striated  and  grooved,  has 
been  exposed  by  mining  on  Cunningham  creek.  It  is  stated  that  considerable  quanti- 
ties of  gold  were  obtained  from  fissures  and  depressions  in  the  bedrock  at  this  locality, 
showing  that  erosion  by  the  glacier  had  not  been  sufficient  to  remove  entirely  the 
preglacial  deposits.  Stria  also  occur  at  other  places  in  the  area.  In  the  valleys 
th^  nearly  all  trend  downstream  and  were,  therefore,  probably  formed  by  valley 
glaciers.  Moraines  formed  by  the  valley  glaciers  occur  in  Lightning  Creek  valley 
near  Stanley,  and  in  Slough  Creek  and  Grouse  Creek  valleys.  These  moraines  were 
formed  during  the  closing  stage  of  glaciation,  for  they  are  well  preserved  and  occur 
at  the  eurf ace  in  the  valley  bottoms.  There  is,  therefore,  as  was  recognized  by  Tyrrell,^ 
comparatively  little  evidence  of  the  presence  or  effects  of  an  extensive  ice-sheet  in  this 
region  during  Pleistocene  time.  Nevertheless,  the  presence  of  erratics  and  boulder 
clay  at  high  altitudes,  and  the  foreign  derivation  of  some  of  the  drift  in  the  several 
valleys,  and  the  occurrence  of  boulder  clay  at  altitudes  too  great  to  be  referable  to 
▼alley  glaciers,  all  go  to  show  that  an  ice-sheet  of  considerable  thickness  did  exist 

The  glacial  drift  consists  in  part  of  boulder  clay  and  moraine  material;  in  part 
of  stratified  sand  and  silt — ^the  "  slum  "  of  the  placer  miner ;  and  in  part  of  stratified 
gravels  and  bouldery  deposits.  The  boulder  clay  in  most  places  consists  of  an  upper 
yellowish  unstratified  clay  containing  few  boulders,  and  a  lower  bouldery  clay, 
occurring  chiefly  in  the  valley  bottoms.  The  upper  clay,  probably,  was  formed  from 
materials  included  in  the  ice  and  deposited  after  its  melting;  the  lower  clay  was 
formed  beneath  the  ice.  The  moraines  are  composed  of  materials  deposited  at  the 
ends  of  the  glaciers.  In  many  places  the  stratified  sands,  silt,  and  gravel  occur 
chiefly  beneath  the  boulder  clay  and  rest  directly  on  the  pr^lacial  gravels  and 
^slide-rock"  of  the  valley  floors.  The  stratified  silt  and  sand  above  the  general 
drainage  level  in  some  of  the  valleys  and  beneath  the  boulder  clay,  show  that  in  the 
early  stages  of  glaciation  the  northward  drainage  was  blocked — ^probably  by  an  advance 
of  glaciers  from  Cariboo  mountains — ^and  formed  glacial  lakes.  The  sands  and 
gravels  protected  both  the  preglacial  gravels  and  the  bedrock  from  erosion  by  the 
later  glaciers. 

lOeoL  Surv.,  Can.,  Sum.  Rept,  1918,  p.  42  B. 

>  "Was  There  a  'CordUleran  Glacier'  In  British  Columbia?"  Jour,  of  Geo!.,  vol.  27»  1919,  p.  57, 
J.  B.  Tjrrrell. 
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The  main  reasons,  therefore,  why  the  placers  were  not  eroded  by  the  glaciers  are: 
(1)  that  they  were  partly  protected  by  glacial  outwash  deposits;  and  (9)  that  the  ice- 
sheet  which  covered  the  whole  r^on  was  nearly  stagnant  If  valley  glaciers  alone 
had  persisted  throughout  the  Ice-age,  the  pr^lacial  gravels  would  probably  have  been 
entirely  removed,  for  valley  glaciers  as  agents  of  erosion  are  much  more  effective  than 
an  ice-sheet — even  of  wide  extent — that  has  a  low  surface  gradient  Valley  glaciers, 
however,  did  exist  at  the  close  of  the  Ice-age  and  they  accomplished  some  erosion, 
especially  in  the  upper  parts  of  the  creek  valleys,  which  accounts  for  the  absence  in 
places  of  gold  in  the  gravels. 

The  glaciation  of  the  area  is,  in  addition,  mainly  responsible  for  the  exceptionally 
long  life  of  this  placer  camp — ^long,  that  is  to  say,  compared  with  that  of  many  other 
alluvial  fields.  Although  the  early  prospectors  sometimes  found  the  gold-bearing 
gravels  only  thinly  covered  by  drift,  they  also  found  that  in  most  places  the  gravels  lay 
beneath  a  heavy  burden  of  glacial  deposits  that  obscured  the  ancient  rock  channels, 
and  owing  to  their  thickness  and  water-bearing  character  rendered  difficult  the 
recovery  of  the  gold.  A  considerable  part  of  the  gold,  therefore,  was  never  touched. 
Had  the  area  been  unglaciated,  almost  all  the  gold  would  probably  have  been  recovered 
within  a  few  years  after  it  was  first  attacked. 

An  interesting  feature  in  connexion  with  this  glaciation  is  that,  so  far  as  is 
known,  only  the  one  boulder  clay  or  till  sheet  occurs  and,  as  preglacial  gravels  are 
known  to  occur,  it  is  probable  the  glacial  period  was — so  far  at  least  as  the  higher 
parts  of  the  region  are  concerned — a  unit. 


ECONOMIC  GEOLOGY 

PLACER  DEPOSITS 

The  placer  deposits  may  be  broadly  divided  into  post-glacial  and  preglacial 
gn'avels,  the  preglacial  being  by  far  the  more  important.  The  post-glacial  gravels  form 
the  surface  gn'avels  (except  where  buried  by  tailings)  in  the  valley  bottoms  and  in  a 
few  places  on  benches.  Their  gold  content  was  derived  partly  by  stream  erosion  of 
the  glacial  drift,  which  contains  small  amounts  of  gold  included  in  it,  and  partly 
from  erosion  of  the  preglacial  gravels  and  bedrock  into  which  the  present  streams 
have  cut  in  a  few  places.  The  area  is  largely  drift-covered — especially  the  valley 
bottoms — and  erosion,  since  the  disappearance  of  the  glaciers,  has  been  limited.  It  is 
evident,  therefore,  that  the  post-glacial  gravels  cannot  be  of  much  importance,  except 
locally. 

The  preglacial  gravels  consist  of  bench  and  creek  gravels  largely  buried  beneath 
the  drift  deposits,  but  some  occur  near  the  surface.  Most  of  the  Barkerville  output 
was  derived  from  them.  The  preglacial  gravels  cannot  easily  be  distinguished  from 
the  glacial  even  where  good  sections  are  exx>osed  down  to  bedrock,  for  both  consist 
mainly  of  gravels  derived  locally  and  both  may  be  well  oxidized  or  may  not.  The 
preglacial  gravels  are  mostly  only  a  few  feet  in  thickness,  and  are  in  places  character- 
ized by  heavy  iron  minerals,  and  pebbles  or  boulders  of  galena  and  barytes,  and  occa- 
sionally scheelite.  Many  of  the  deposits  too,  are  characterized  by  large  angular  slabs 
of  rock  known  as  "slide-rock,"  apparently  an  ancient  talus.  Blocks  of  this  rock, 
and  slightly  waterwom  gravel  and  boulders,  are  partly  embedded  in  disintegrated 
bedrock  or  yellowish  or  bluish  clay.  The  gravels  are,  in  a  few  places,  cemented  by 
iron  oxide.  The  gold  in  places  extends  downwards  for  several  feet  along  the  bedding 
planes  and  fissures  in  the  bedrock.  Kesidual  gravels,  that  is  gravels  consisting  prin- 
cipally of  a  resistant  rock  such  as  quartz,  are  present  only  in  small  quantities.  The 
preglacial  g^ravels  fere  made  up  of  schists,  limestone,  quartz,  and  igneous  rocks,  derived 
mainly  from  the  Cariboo  schist  series  named  and  described  by  Bowman.^    The  absence 

iGeol.  Surv.,  Can.,  Ann.  Rept.,  pt.  C.  1887. 
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of  residual  gravels  is  probably  due  to  the  youthful  character  of  the  present  vall^s 
in  which  the  streams  have  naturally  a  fairly  high  gradient  and  the  present  valleys 
coincide,  approximately,  with  the  ancient  valleys.  Residual  gravels  can  be  formed 
only  in  valleys  having  a  very  low  surface  gradient,  for  in  valleys  having  a  high 
gradient,  fresh  rock  material  is  constantly  being  added  to  the  gravels,  which  are 
eroded  and  carried  away. 

Bench  deposits  which  occur  on  many  of  the  creeks  at  various  levels  are  nearly 
all  confined  to  the  present  valleys  and  seldom  cross  the  present  drainage,  for,  as 
pointed  out  by  Dawsom,  the  courses  of  the  ancient  and  present  streams  are  very  much 
the  same.  There  are,  however,  many  places  where  diversion — and  even  reversal — 
of  stream  drainage  took  place  as  the  result  of  stream  capture  in  preglacial  time.  In 
places,  also,  the  irregular  deposition  of  glacial  drift  has  diverted  the  streams  into  new 
channels,  a  striking  example  of  which  is  Black  Jack  canyon  on  Williams  creek.  A 
characteristic  feature  of  several  of  the  new  channels — indicated  by  their  narrow,  steep- 
sided  character — is  that  they  rarely  contain  much  gold.  Some  of  these  are  mainly 
post-glacial  in  age,  others  are  preglacial  and  are  partly  due  to  stream  capture  and 
possibly  also  to  rejuvenation  of  the  streams  by  uplift  of  the  region.  They  contain 
little  gold  unless  they  have  been  cut  down  directly  beneath  the  older  higher  channels, 
for  any  gold  they  happen  to  contain  is  the  result  of  erosion  of  only  a  small  thickness 
of  rock,  whereas  the  concentrations  in  the  old  channels  are  the  result  of  the  wearing 
down  of  great  thicknesses  of  rock.  The  gold  in  the  area  is  mostly  coarse,  so  that 
little  of  it  is  now  transported  by  the  streams.  Part  of  it  has  probably  moved  down- 
wards, vertically,  nearly  as  far  as  it  has  been  transported  horizontally.  The  current 
through  the  canyons  being  rapid,  any  gold  fine  enough  to  be  transported  by  the  stream 
would  probably  be  carried  through  the  canyon. 

Very  little  flour  gold  or  even  fine  scale  gold  is  present ;  for  apparently  the  streams 
in  preglacial  time  had  sufficient  gradient  to  transport  the  fine  gold  out  of  the  region 
to  the  lower  Fraser,  where  it  has  gone  to  enrich  the  placers  of  that  region.  There  is 
little  difficulty,  therefore,  in  saving  the  gold  in  the  Barkerville  district. 

Boulder-like  masses  or  pockets  of  the  preglacial  gold-bearing  gravels  are  included 
in  the  boulder  clay  in  places,  especially  in  its  lower,  bouldery  part.  The  upper, 
clay^  part  is  almost  free  from  gold  as  are  also  the  stratified  sands  and  silts  and  fine 
gravel  known  to  the  miners  as  "  chicken  feed" ;  but  occasional  nuggets  are  scattered 
through  the  glacial  drift.  There  have  been  some  notable  instances  in  the  district 
of  the  finding  of  masses  of  gold-bearing  gravels  included  in  the  boulder  clay,  but 
because  of  their  mode  of  occurrence,  such  masses  are  as  a  rule  found  only  accidentally 
in  hydraulic  mining.  Where  the  boulder  clay  is  tight  on  the  bedrock,  and  contains 
little  gravel,  there  is  little  gold.  This  fact  was  well  known  by  the  early  miners,  and 
isolated  masses  of  boulder  clay  in  the  upper  part  of  Williams  creek  remain  untouched 
to  this  day,  although  all  the  surrounding  grround  was  worked.  Many  of  the  creeks 
contain,  in  their  upper  reaches,  considerabe  quantities  of  coarse  bouldery  deposits,  in 
places  rudely  stratified.  They  are  apparently  glacial  outwash  deposits  and  are  as  a 
rule  nearLv  barren  of  gold. 

An  instance  of  the  sporadic  occurrence  of  gold  in  this  area  was  noted  during  the 
past  summer.  Two  miners,  George  Moore  and  Joseph  Spratt,  working  on  the  upper 
part  of  Walkers  gulch,  which  empties  into  Williams  creek  at  the  old  town  of  Richfield, 
recovered  7  ounces  of  gold  in  three  days  hydraulacking.  The  material  washed  was 
largely  boulder  clay,  and  averaged  over  $3  a  cubic  yard,  the  gold  being  derived 
apparently  from  gravels  included  in  the  boulder  clay.  There  was  very  little  gold 
on  bedrock.    It  is  probable  that  there  are  many  such  occurrences  in  the  district. 

Antler  Creek 

Antler  creek,  discovered  in  1800,  was  the  first  creek  of  the  Barkerville  area  found 
to  be   auriferous.    The  rich  placers  of  the  Barkerville   area  were  not  found   by 
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following  the  trail  of  fine  gold  up  the  Fraser  and  its  tributaries,  directly  to  this 
area.  However,  the  theory  of  the  miners  that  this  fine  gold  had  its  source  in  a 
region  where  coarse  gold  .would  be  found  was  undoubtedly  the  impelling  force,  as  has 
been  frequently  pointed  out,  that  led  to  the  rapid  discovery  of  the  n[iain  placer  fields. 
The  theory  was  more  or  less  sound  in  respect  to  Keithley,  Harvey,  and  Cimningham 
creeks,  southeast  of  the  Barkerville  area.  In  1859,  while  placer  mining  was  active 
along  Quesnel  river  as  far  up  as  the  Forks  and  Quesnel  lake,  a  number  of  prospectors 
made  their  way  up  the  north  fork  of  the  Quesnel,  but  lost  the  trail  of  fine  gold  at  the 
falls,  6  miles  below  Cariboo  lake;  and  it  was  not  until  the  following  year  that  Keithley 
creek,  fiowing  southeast  into  Cariboo  lake,  was  discovered.  Late  in  the  autunm  of 
1860  a  party  of  prospectors,  among  whom  were  Rose,  an  American,  and  McDonald,  a 
Canadian,  crossed  over  the  divide  at  the  headwaters  of  Keithley  creek  and  discovered 
gold  on  Antler  creek.  Little  work  was,  apparently,  done  on  the  creek  in  1860.  The 
success  of  the  miners  becoming  known  at  Keithley,  a  mid-winter  rush  ensued  and 
when  Gold  Commissioner  Nind  arrived  at  Antler  creek  early  in  March,  1861,  he 
found  the  snow  6  or  7  feet  deep  and  the  miners  living  in  holes  dug  in  the  snow,  and 
subsisting  on  the  scanty  supplies  brought  from  Keithley.^ 

Antler  creek  rises  in  Bald  Mountain  plateau,  fiows  southeast  for  several  miles  to 
Sawmill  fiat  where  it  is  joiped  by  a  tributary  from  the  south,  and  then  fiows  nearly 
north  to  form  the  headwaters  of  Bear  river.  Four  miles  north  of  Sawmill  fiat  the 
creek  turns  to  the  west  around  a  hill,  to  the  right  of  which  an  old  channel,  partly 
drift-filled,  extends  to  the  headwaters  of  a  branch  of  Cunningham  creek  in  Cunning- 
ham pass  iSee  Map  1941).  This  old  channel  is  about  80  feet  above  the  bedrock  in 
the  present  stream  channel  of  Antler  and  is  a  continuation  of  a  bench  that  extends 
upstream  along  the  left  limit  of  Antler  creek  for  about  3,500  feet  and  then  crosses 
to  the  right  bank.  Above  this  point  a  small  canyon  extends  for  nearly  a  mile  to  the 
wide,  shallow  part,  where  most  of  the  mining  in  1861  was  done.  The  remarkably  rich 
and  easily  mined  part  of  Antler  creek  was  shallow  gn*ound  extending  for  about  1^ 
miles  along  the  stream  above  the  canyon  and  below  Sawmill  fiats.  The  daily  output 
of  the  creek  during  the  eummer  of  1861  is  reported  to  have  been  over  $10,000  and  much 
of  the  ground  is  said  to  have  yielded  $1,000  to  the  square  foot* 

The  benches  along  the  creek  below  the  canyon  and  down  as  far  as  Cunningham 
pass  have  been  mined,  at  intervals,  partly  by  drifting  and  partly  by  hydraulicking. 
The  early  miners  recognized  that  the  present  stream  gravels  would  be  enriched  at 
those  places  where  the  present  stream  valley  has  been  lowered  by  erosion  and  has  cut 
across  the  more  ancient  stream  valley,  represented  in  part  by  the  benches.  One  of 
these  was  at  the  mouth  of  the  valley  known  as  Whiskey  fiat  where  the  Nason  Company 
sank  two  shafts  on  the  left  bank  of  the  stream  and  attempted  to  drift  out  into  the 
channeL  Th^  are  said  to  have  spent,  prior  to  1875,  $20,000  in  unsuccessful  efforts  to 
test  their  ground.  Work  was  resumed  by  a  company  of  the  same  name  in  1884  and 
was  carried  on  nearly  every  sunumer  until  1893,  but  with  little  success  because  of  the 
porous,  water-bearing  character  of  the  river  gravels  and  the  absence  of  any  clay  that 
would  hold  back  the  surface  water.  In  1888  the  company  succeeded  in  driving  part 
way  across  the  creek  bottom,  and  obtained  round,  heavy  gold  at  the  rate  of  $1.50  to 
the  bucket;  but  they  were  of  the  opinion  that  they  had  not  struck  the  main  lead.® 

The  old  shaft  of  the  Lothair  Company,  whose  claim  adjoins  the  Nason  claim  on 
the  upstream  side,  was  located,  as  shown  on  Bowman's  map  of  Antler  creek,  nearly 
opposite  the  mouth  of  McBean  creek.  This  company  also  api)ears  to  have  been  unable 
to  mine  the  bedrock  gravels  in  the  present  stream  valley.  The  Bulger  bench  on  the 
left  limit  of  Antler  a  short  distance  below  the  mouth  of  McBean  creek  was  mined 
in  1861.  The  Pittman  and  Porter  bench  claims  on  the  right  limit  in  the  upper  part 
of  the  Lothair  were  mined  in  1861-62,  but  no  information  is  available  regarding 
their  output.    Li  Whiskey   fiat  the   best  known   claim  was   McBean   bench.       In 

1  Bancroft's  Worka,  vol.  XXXII,  History  of  British  Columbia,  pp.  472-494. 

2  Ibid.  p.  492. 

«Ann.  Repts.,  Minister  of  Mines,  B.C.,  1875-1893. 
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Cunningham  pass,  at  the  lower  end  of  Whiskey  flat,  the  Yellow  Lion  Company  found 
gold  on  bedrock  in  1881.    The  claim  is  said  to  have  paid  well  for  several  years.^ 

Wolf,  California,  and  Stevens  creeks  which  flow  into  Antler  from  the  west, 
in  the  wide  part  below  the  Nason  property,  were  all  gold-i)earing.^  Tailings  from 
liydraulicking  in  the  tributary  valleys  form  a  part  of  the  filling  of  the  valley  of 
Antler  in  this  wide  part 

The  dredging  ground  of  Antler  creek  consiflts  of  the  Nason  (real  estate)  daim, 
the  Lothair  (real  estate)  claim,  and  the  Macdonald  lease.  It  embraces  the  com^ 
paratively  shallow  part  of  the  present  stream  bed,  which  begins  to  widen  out  in  the 
lower  part  of  the  Nason  claim.  Keystone  drilling,  to  determine  the  depths  and  gold 
values  of  the  groimd,  was  done  by  the  Yukon  Gk)ld  Company  in  1915.  A  few  borings 
were  also  made  subsequently  by  the  New  Waverly  Hydraulic  Mining  Company.  The 
results  of  the  drilling  showed  that  the.  known  dredging  ground  has  a  length  of  at 
least  4,000  feet;  the  pay  gravels  have  an  average  width  of  140  feet  and  an  average 
depth  of  48  feet,  giving  a  total  of  1,000,000  cubic  yards.  The  ground  is  deepest  in 
the  Lothair  claim  where  it  has  a  maximum  depth  of  69  feet.  The  average  value  per 
cubic  yard  is  66*3  cents  which  is  reduced  to  45  cents  to  allow  for  gravels  sliding  into 
the  pond  and  for  other  factors,  the  total  recoverable  gold  content  being  estimated  at 
$540,000.  One  bore-hole  in  the  line  near  the  Nason  shaft  showed  a  value  of  $6.74  per 
cubic  yard.  A  check  hole  put  down  2  feet  away  showed  a  value  of  $1.34}  per  cubic 
yard  and  this  figure  was  used  as  a  basis  in  calculating  the  average  value  of  the  line  of 
holes.  The  values  show  that  this  part  of  the  stream  channel  is  enriched  by  gold 
derived  from  the  ancient  channel  as  pointed  out  above.  Twelve  himdred  and  fifty 
feet  of  the  upstream  part  of  the  property  has  not  been  drilled,  but  the  values  should 
approximate  the  general  average  and  should  bring  the  total  recoverable  gold  up  to 
$700,000.  The  gold  is  largely  coarse  and  is  mostly  on  or  near  the  bedrock.  The  bed- 
rock consists  of  steeply  dipping  schiste  which  could  be  dredged  without  difficulty. 

The  creek  has  a  grade  of  1*4  per  cent  for  3,000  feet  above  the  Nason  shaft  and 
0-8  per  cent  from  the  Naeon  shaft  down  to  the  mouth  of  Stevens  creek.  The  gravel 
is  mostly  fine,  with  few  boulders  over  6  inches  in  diameter  and  clay  is  absent.  The 
absence  of  clay,  in  fact,  has  been  the  chief  reason  why  it  has  not  been  found  possible 
♦o  mine  the  bedrock  gravels  by  drifting.  It  is  possible  that  a  part  of  the  nearly  barren 
upper  gravels  might  be  removed  by  "  booming."  An  excellent  site  for  a  dam  is  in  the 
upper  part  of  the  Lothair  claim,  by  means  of  which  large  volumes  of  water  could  be 
im2>oimded  and  the  water  released  automatically  to  flush  out  the  upper  gravels. 

The  fact  that  the  present  channel  of  Antler  creek  cuts  across  ^e  ancient  gold- 
bearing  channel  in  the  Nason,  and  upper  part  of  the  Lothair,  claims  suggests  the 
inference  that  the  ground  will  dredge  up  to  the  drillings.  It  is  possible  that  the 
exceptionally  rich  ground,  as  shown  by  the  borings  on  the  lower  part  of  the  Na«)n, 
extends  for  some  distance  upstream. 

Williams  Creek 

Williams  creek,  on  which  the  town  of  Barkerville  and  the  old  town  of  Eichfield 
(a  mile  upstream  from  Barkerville)  are  situated,  heads  in  Bald  mountain  and  flows 
north  for  5  miles  to  "  The  Meadows  "  where  it  turns  west  and  forms  the  headwaters 
of  "Willow  river.  The  gold-bearing  part  of  the  creek,  extending  for  1}  miles  above 
Barkerville  and  1  mile  below,  ie  naturally  divided  into  two  parts,  of  different  character- 
istics, by  the  Black  Jack  canyon,  about  half-way  between  Barkerville  and  Eichfield. 
The  canyon  is  narrow  and  roek-walled,  about  50  feet  deep  and  1,000  feet  long.  It 
forma  a  bend  in  the  stream  around  a  rock  island,  on  the  east  side  of  which  the  pre- 
^laeial  stream  flowed  in  a  narrow  valley.  The  filling  of  the  old  valley  by  glacial  drift 
caused  the  present  stream  to  be  diverted  into  the  new  channel.     This  fact,  too,  was 

1  Ann.  Repts.,  Minister  of  Mises.  1881-84. 

2  Dawson.  G.M.,  Geol.  Surv.,  Can.,  Ann.  Rept.,  vol.  Ill,  pt.  II,  1887-88,  p.  123  R. 
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known  to  the  early  miners  and  in  1862,  one  year  after  the  discoyery,  the  Black  Jack 
tunnel  was  beinin  for  the  purpose  of  locating  the  old  channel.  In  1867  the  property 
was  worked  as  an  hydraulic  claim,  the  first  in  the  area,  and  it  was  still  being  worked 
in  1890.^  The  drift  depoeits  were  eventually  almost  entirely  washed  out  from  the 
old  channel  and  the  stream  now  flows  partly  in  one  channel  and  partly  in  the  other. 

Discovery  claim,  at  the  lower  end  of  the  canyon,  was  located  in  1861  by  William 
Dietz  after  whom  the  creek  was  named.  It  proved  to  be  one  of  the  poorest  claims 
on  the  creek.2 

The  part  of  Williams  credc  above  the  canyon  is  comparatively  narrow  and  steep- 
sided.  The  first  important  discoveries  of  gold  were  made  in  this  part  of  the  creek 
between  the  canyon  and  Richfield.  The  post-glacial  gn'avels  were  worked  first,  the 
underlying  boulder  clay  being  regarded  as  the  bedrock ;  but  the  main  ''  pay  "  was  soon 
found  on  the  Abbott  claim  by  sinking  through. the  boulder  clay  to  the  bedrock.  It  was 
probably  the  comparatively  lean  character  of  the  upper  gravels  that  led  to  the  first 
naming  of  the  creek  as  Humbug  creek.  The  main  "pay"  on  the  Steele  claim  con- 
sisted of  a  blue  clay  layer  6  feet  thick  containing  decomposed  slate  and  gravel,  the 
overburden  being  8  to  18  feet  thick.^  This  part  of  the  creek  was  eventually  worked 
by  open-cuts  from  the  surface  to  the  bedrock.  A  poorly-defined  bench  60  to  100  feet 
above  the  creek  bottom  occurs  along  the  east  side  above  the  canyon  and  was  also 
worked.  The  bench  has  a  lesser  gradient  downstream  than  the  present  creek,  and — a 
short  distance  above  Richfield — is  nearly  at  the  level  of  the  present  creek.  The  upper 
part  of  the  creek  was  found  to  be  barren;  the  pay  stopped  abruptly  about  three- 
quarters  of  a  mile  above  Richfield,  but  was  again  met  with  considerably  higher  up 
in  the  tributary  valley,  McGallum  gulch.* 

The  lower  part  of  the  creek,  below  the  canyon,  is  comparatively  wide  and  flat- 
bottomed,  the  valley  flat  averagring  about  400  feet  in  width  (See  Map  1942).  Here,  the 
ground  is  deep,  and  was  mined  by  shafts,  40  to  80  feet  deep,  and  by  drifts.  One  of 
the  first  shafts  in  this  part  of  the  creek  is  still  to  be  seen  in  Barkerville.  It  was  put 
down  early  in  1862  by  Billie  Barker,  after  whom  the  town  was  named,  and  was  52 
feet  deep.^  As  in  the  upper  part  of  the  creek,  here  also  there  were  two  pay-streaks, 
one  in  the  poet-glacial  gravels  and  the  other  in  preglacial  gravels  on  bedrock.  The 
latter  gravels  are  separated  from  the  upper  by  glacial  deposits  consisting  in  part  of 
boulder  clay  and  in  part  of  stratified  silt  and  gravel.  The  post-glacial  gravels  are 
concealed  by  tailings  that  average  possibly  20  feet  in  thickness,  and  were  chiefly 
derived  by  hydraulicking  in  Stouts  gulch  which  enters  Williams  creek  from  the  west 
at  the  lower  end  of  the  canyon.  The  preglacial  gravels  were  mdned  chiefly  in  &e 
sixties  and  were  largely  worked  out  from  the  canyon  down  nearly  to  the  meadows, 
where  the  excessive  pressure  of  groundwater  prevented  mining.  These  graveQs  were 
remarkably  rich.  According  to  the  estimate  given  in  the  Report  of  the  Minister 
of  Mines,  British  Columbia,  for  1896,  this  part  of  the  creek  produced  between 
$8,000,000  and  $9,000,000.  The  post-glaoial  gravels  also  were  found  in  places  to  be 
rich.  At  the  famous  Cameron  claim,  about  one-half  mile  below  Barkerville,  the 
^ground  was  sufficiently  rich  to  be  worked  in  a  series  of  levels  from  the  surface  to 
bedrock.^  The  claim  was  located  on  the  east  side  of  the  valley  flat,  the  depth  to 
bedrock  being  40  feet.*^  There  were  a  few  rich  claims  below  the  Cameron  claim,  but 
farther  downstream  near  the  meadows,  where  the  ground  was  about  80  feet  deep,  the 
gold  was  light  and  scaly.®  The  richest  part,  as  noted  on  Bowman's  map  of  Williams 
creek,  was  opposite  the  mouth  of  Conklin  gulch  and  for  about  1,500  feet  downstream. 

lAnn.  Rept,  Minister  of  Mines.  B.C.,  1890,  p.  360. 

2  Bancroft's  History  of  British  Columbia^  p.  497. 

3  Ibid,  p.  496. 

♦  Bowman's  map  of  Williams  creek.  Oeol.  Surv.,  Can.,  Ann.  Kept,   1895. 
^Howay  and  Scholefleld,  ''British  Columbia  from  the  Earliest  Times  to  the  Present/'  vol. 
II.  p.  83.  1914. 

9  Milton  and  Cheadle.  "The  Northwest  Passagre  by  Land,"  p.   362. 

T  Bowman's  map  of  Williams  creek. 

(*  Dawson,  O.  M.,  Geol.  Surv.,  Can.,  Rept.  of  Prog.,  1876-77,  p.  112. 
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There  were  also  several  rich  claims  above  Barkerville,  where  the  ground  was  origrinally 
60  feet  deep  and  in  1885 — ^because  of  the  accumulation  of  tailings — was  80  feet  deep.' 

The  most  important  tributary  of  Williams  creek  below  the  canyon  i»  Ck>nklin 
gulch,  which  enters  from  the  eest  opposite  Barkerville,  It  was  mined  by  drifting 
throughout  a  distance  of  nearly  2  miles,  the  ground  varying  in  depth  from  20  feet,  in 
the  upper  part,  to  90  in  the  lower.^  The  famous  Ericsson  and  Sawmill  claims  were 
located  in  the  lower  part,  near  Williams  creek,  and  the  equally  famous  Aurora 
was  on  a  bench  on  the  right  side,  near  the  mouth.  On  the  right  limit  of  the  gulch, 
^ear  its  mouth,  are  two  benches,  above  the  level  of  Williams  Oreek  flat,  and  the 
present  stream  flows  between  rock  rims  nearly  at  the  level  of  the  flat.  The  deep 
channel,  graded  to  the  bottom  of  Williams  ^reek  valley,  is  buried  beneath  drift. 
The  three  claims  mentioned  above  are  credited  with  having  produced  $1,500,000  in 
gold.' 

The  Forest  Rose  property,  which  was  originaUy  mined  by  a  deep  shaft  and  by 
drifting,  and  was  later  worked  as  an  hydraulic  mine  for  over  thirty  years,  is  a 
buried  channel  running  neariy  parallel  to  Williams  creek  in  its  lower  part,  and  liee  a 
short  distance  to  the  east  of  this  stream  (See  Map  1942).  The  flrst  hydraulic  work 
on  the  property  began  at  the  St.  George  cut  at  the  meadows.  The  St  George  property 
was  originally  the  Prairie  Flower,  a9  shown  by  records  in  the  office  of  tiie  gold 
commiasioner  at  Barkerville.  The  bedrock  in  the  cut  was  not  reacAied  until  after 
several  years'  work  and  not  until  the  cut  had  been  carried  for  some  distance  up  the 
old  channel.^  The  old  rock  channel  is  wide,  has  a  low  gpradient,  and  is  about  50  feet 
above  the  bedrock  in  the  adjacent  part  of  Williams  creek.  It  is  evidently  an  old 
channel  of  the  latter,  aa  is  generally  recognized  by  the  miners,  and  not,  as  was  formerly 
held,  a  high-level  diannel  extending  along  the  eaat  side  of  Williams  creek  from  Conklin 
guldL^.  The  channel  apparently  leaves  Williams  creek  at  about  the  location  of  the  old 
Cameron  claim.  The  part  between  the  head  of  the  Forest  Rose  pit  and  Williams  was 
probably  mined  by  drifting  in  the  early  days.  The  small  hydraulic  pit  extending 
from  near  the  Forest  Rose  e^aft  to  Williams  creek  was  made  in  recent  years  in  an 
attempt  to  remove  the  overburden  from  part  of  the  old  channel  by  washing  it  directly 
into  Williams  creek,  for  it  was  found  that  the  grade  of  the  bedrock  in  the  Forest 
Rose  pit  was  too  small  to  permit  of  a  working  gradient  for  the  sluice  boxes. 
Hydraulicking  was  abandoned  in  1912.  Although  there  is  little  evidence  of  a  high 
diannel  occurring  between  the  Forest  Rose  and  Conklin  gulch,  it  is  stated  by  William 
Brown,  of  Jack-of-Clubs  creek,  that  the  California  tunnel  shaft  600  feet  south  of 
the  Forest  Rose  shaft  (shown  on  Map  1942)  was  40  feet  deep  and  that  40  oimces  of 
gold  were  recovered  by  drifting  from  the  bottom  of  the  shaft.  As  the  bottom  of  this 
shaft  ia  nearly  100  feet  above  the  bedrock  in  the  Forest  Rose  channel  it  is  evidently 
in  a  different  channel.  However,  little  goUd  appears  to  have  been  foimd  in  other 
workings  along  the  supposed  high  level,  buried  channel  between  the  Forest  Rose  and 
Conklin  gukh,  and  it  is  possible  the  gold  in  the  California  tunnel  workings  was  in  a 
small  creek  channel  tributary  to  Williams  creek. 

The  Prairie  Flower  is  atated  to  have  had  an  output  of  $100,000  and  the  Forest 
Rose  $480,000,  prior  to  1896.^  The  latter  has  produced  considerable  amounts  of  gold 
since  1896.  William  Brown  states  that  attempts  were  made  in  the  early  days  to  mine 
the  bedrock  gravels  in  the  Forest  Rose  channel  at  the  meadows,  but  unsuccessfully, 
owing  to  the  pressure  of  underground  water.  The  facts  that  this  channel  is  about  50 
feet  above  the  channel  of  Williams  creek  and  that  it  was  apparently  richer  in  its  lower 
part  than  the  channel  of  Williams  creek  near  the  meadows,  indicate  that  dredging 
ground  may  be  foimd  at  the  lower  end  of  the  Forest  Rose.  This  gn^ound  has  not  been 
tested  by  borings. 

1  Bowman's  map  of  Williams  creek. 

2  Dawson.  O.  M..  Geol.  Surv..  Can..  Kept,  of  Prog..  1876-77.  p.  135. 
'Ann.  Rept.  Minister  of  Mines.  B.C..  1896.  map  of  Williams  creek. 
«Ann.  Rept.  Minister  of  Mines^  B.C..  1886.  p.   196. 

*Geol.  Surv.,  Can..  1896.  Bowman's  map  of  Williams  creek. 

•  Ann.  Rept.  Minister  of  Mines.  B.C..  1896.  map  of  Williams  cre^k. 
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The  reasons  why  Williams  creek  was  the  richest  creek  in  the  region  and  why 
certain  parts  of  it  were  richer  than  other  parts  are  fairly  obvious  when  the  history  of 
mining  on  the  creek  and  the  physical  characteristics  of  the  creek  are  considered.  The 
creek  valley  trends  at  an  angle  of  about  45  degrees  across  the  strike  of  the  schists  and 
through  a  belt  in  which  occur  numerous  quartz  veins,  from  which  the  gold  was 
probably  derived.  The  veins  are  mostly  nearly  parallel  to  the  strike  of  the  rock,  and 
are  apparently  most  numerous  in  the  zone  along  the  part  of  the  creek  where  the  placers 
were  richest.  The  barren  upper  part  of  the  creek  was  due,  probably,  in  part  to 
glaciation.  In  the  rich  part  of  the  creek  above  the  canyon  a  bench  occurs,  but  it 
was  partly  cut  away  by  the  present  stream.  The  present  stream  channel  was  enriched 
by  gold  from  the  bench  and  coincides  very  closely  with  the  ancient  channeL  At 
the  canyon  the  old  channel  was  rich  and  the  new  channel  for  reasons  already  pointed 
out  was  of  little  value.  Below  the  canyon  there  are  no  important  ancient  channels 
occurring  as  benches  of  the  creek  except  the  Forest  Eose  channeL  There  are,  how- 
ever, several  gold-bearing  channels  tributary  to  the  creek.  The  present  channel,  ab 
far  down  as  the  old  Cameron  claim,  coincided  with  the  ancient  channel,  so  that  large 
quantities  of  gold  derived  from  the  wearing  away  of  a  great  thickness  of  rock  were 
concentrated  in  it;  and  the  structure  and  character  of  the  bedrock  throughout  the 
creek  bottom  were  ideal  for  retaining  gold.  The  remarkably  rich  character  of  the 
post-glacial  gravels  at  the  Cameron  claim  was  due  probably  to  the  present  stream 
cutting  into  the  bench  of  the  Forest  Eose  channel. 

Attempts  have  been  made,  notably  by  the  Cariboo  Gold  Fields  Company  (using 
at  first  an  hydrauHc  lift  and  later  a  bucket  elevator)  to  mine  the  whole  of  the  gravels 
of  the  part  of  Williams  creek  below  the  canyon,  for  it  was  generally  held  that  because 
of  the  crude  methods  of  mining  and  of  saving  the  gold  at  the  time  when  nearly  all 
the  mining  was  done  on  this  part  of  the  creek,  and  because  of  the  large  amounts  of 
gold  recovered,  there  must  be  a  con^derable  amoimt  remaining.  In  this  connexion,  the 
following  observation  of  G.  M.  Dawson^  is  of  interest.  "I  do  not  think  it  would  be 
an  extravagant  statement  to  say  that  the  quantity  of  gold  remaining  in  the  part  of 
Williams  creek  which  has  been  worked  over,  is  about  as  great  as  that  which  has  been 
already  obtained."  It  was  also  known  that  there  were  in  places  upper  pay-streaks 
which  were  not  mined  in  the  early  days  because  the  bedrock  gravels  were  much  richer 
and  because  of  the  high  cost  of  mining.  The  attempts  by  the  Cariboo  Gold  Fields 
Company  to  mine  the  gravels  failed  because  of  mechanical  difficulties  in  the  operation 
of  the  lift  and  elevator.^    The  location  of  the  elevator  is  shown  on  Map  1942. 

The  dredging  ground  on  Williams  creek  extends  from  the  lower  end  of  the 
canyon  or  mouth  of  Stouts  gulch  to  the  meadows,  a  distance  of  8,000  feet.  The 
ground  was  tested  by  Keystone  drilling  in  1914  and  1915,  eight  lines  of  bore-holes 
being  put  down  at  fairly  regular  intervals  across  the  valley. 

The  results  of  the  borings  showed  that  the  pay  gravels  average  nearly  240  feet 
in  width  and  have  a  maximum  depth  of  76  feet,  with  an  average  of  59  feet.  The 
average  value  is  31  cents  per  cubic  yard,  which  would  probably  have  to  be  cut  down 
2  or  3  cents  to  allow  for  gravels  sliding  into  the  pond  and  for  other  factors.  The 
total  amount  of  pay  gravels  is  approximately  4,000,000  cubic  yards.  Owing  to  lack 
of  borings  there  is  some  doubt  as  to  the  yardage  and  values  in  the  part  above 
Barkerville. 

For  the  reasons  stated  above  it  is  surprising  that  the  results  of  the  drilling  did 
not  show  higher  values,  and  it  seems  possible,  when  the  ground  is  actually  dredged, 
that  in  places  it  will  produce  higher  values.  It  is  possible,  also,  for  the  reasons  stated 
above,  that  dredging  ground  may  be  found  at  the  lower  end  of  the  Forest  Rose,  and 
in  places  in  the  Williams  Creek  and  Willow  River  flats.  It  is  known  that  the  ground 
in  the  flats  or  meadows  is  for  the  most  part  too  deep  for  dredging.  There  are,  how- 
ever, favourable  localities  such  as  the  flat  or  the  mouth  of  Mosquito  creek,  and  at 

iGeol.  Surv..  Can.,  Rept  of  Prog.,  1876-77,  p.  114. 

2  Ann.  Repta.,  Minister  of  Mines.  B.C.,  1889,  p.  621.  and  1903,  p.  60. 
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the  mouths  of  Eureka  and  McArthur  creeks  which  empty  into  Williams  creek  at  the 
meadows.  At  these  places  the  post-glacial  gravels  were,  probably,  enriched  by  gold 
from  the  tributary  creeks. 

The  bedrock  of  Williams  creek  consists  of  schist  and  limestone  beds  dipping 
steeply  towards  the  northeast.  The  rock  is  mostly  soft  and  could  be  easily  excavated 
in  dredging. 

Possible  objectional  features  of  the  Williams  Creek  dredg^ing  groimd  are  the 
depth  of  the  deposits,  the  timbers  in  the  old  underground  workings  and  in  the  bedrock 
drain  which  was  built  in  1865-66  and  extends  throughout  the  area,  and  the  presence 
in  places  of  boulder  clay.  It  is  possible  that  much  of  the  underground  workings  has 
caved.  The  gravel  deposits  contain  few  large  boulders  and  the  boulder  clay  occurs 
only  in  places.  It  is  possible,  too,  that  a  considerable  part  of  the  tailings  which 
form  a  nearly  barren  overburden  might  be  removed  by  "booming."  An  excellent 
site  for  a  dam  is  at  the  lower  end  of  Black  Jack  canyon,  in  which  large  volumes  of 
water  could  be  impounded  to  flush  out  the  tailings.  The  creek,  from  the  lower  end 
of  the  canyon  to  the  meadows,  has  a  surface  gradient  of  2*6  per  cent  During  the 
past  few  years  the  creek  itself  has  cut  down  the  tailings  in  places  as  much  as  4  feet. 
The  lowering  of  the  creek  bed  at  Barkerville,  which  is  protected  from  creek  floods  by  a 
bulkhead,  would  also  make  it  possible  to  work  Conklin  gulch  to  the  best  advantage, 
either  by  hydraulicking  or  by  dredging,  for,  as  already  pointed  out,  the  ground  is  deep 
in  the  lower  part  near  Williams  creek  and  this  was  the  richest  part  of  the  gulch. 

There  is,  possibly,  dredging  ground  on  Lightning  creek  and  at  other  places  in  the 
district  also.  The  writer's  investigations,  however,  were  confined  chiefly  to  the  areas 
described  above. 

SUMMARY 

Gold  dredging  has  not  as  yet  been  attempted  in  Barkerville  area,  although  it  has 
been  known  for  many  years  as  a  suitable  dredging  proposition.  But  the  high  cost 
of  machinery,  of  supplies  in  general,  and  of  transportation,  has  so  far  been  a  deterrent 
to  speculation.  There  is,  however,  a  probability  of  dredging  being  started  soon  on 
Antler  creek,  and  possibly,  at  other  places  in  the  region.  The  results  of  Keystone 
drilling  on  Antler  and  Williams  creeks  have  shown  that,  in  parts  of  the  creeks,  gold 
to  the  amount  of  at  least  $1,800,000  exists,  of  which  the  greater  part  is  recoverable. 
In  this  paper  an  attempt  has  been  made— by  reciting  the  history  of  mining  on  the 
creeks  and  describing  their  physical  characteristics — to  show  that  the  estimates  of  gold 
values,  as  evidenced  by  the  borings,  are  moderate  and  that  the  known  dredging  ground 
may  possibly  be  extended. 
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INTRODUCTION 

The  North  Thompson  Valley  area  extends  from  Fishtrap  rapids,  27  miles  north 
of  Kamloops,  to  the  vicinity  of  Boulder  (Fi^re  19).  The  east  and  west  boundaries 
of  the  area  are  from  3  to  10  miles  on  each  side  of  the  river,  sufficiently  far  apart  in 
most  cases  to  include  the  slopes  of  the  Thompson  trench  and  a  part  of  the  adjoining 
plateau.  The  Canadian  National  railway  fringes  the  east  bank  of  the  North 
Thompson  throughout  the  length  of  the  sheet. 
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The  geology  was  plotted  on  an  excellent  topographical  base  map  made  by  D.  A. 
Nichols,  Geological  Purvey,  during  the  seasons  of  1918  and  1919.  The  rugged  char- 
acter of  most  of  this  country,  and  the  thick  timber,  made  mapping  difficult,  and  it 
is  a  pleasure  to  acknowledge  the  extent  to  which  the  base  map  facilitated  the  work 
of  the  geologist. 

The  geological  mapping  was  done  on  a  scale  of  4,000  feet  to  1  inch.  Traverses 
were  run  by  the  Bnmton  compass  and  aneroid  method.  Three  and  one-half  months 
during  the  summer  of  1921  were  occupied  by  this  work.  Special  attention  was  paid 
to  the  coal  and  mineral  deposits.  Short  trips  were  taken  outside  the  boundaries  of 
the  sheet,  particularly  to  correlate  the  geology  of  the  Adams  and  Barridre  Lakes 
districts,  as  described  by  Dawson  and  Daly,  with  that  of  the  North  Thompson  valley 
to  the  west. 

The  progress  of  the  work  was  greatly  facilitated  by  the  courtesy  and  assistance 
of  the  settlers  of  the  district.  Special  acknowledgments  are  due  to  the  officers  of  the 
staff  of  the  Chu  Chua  Coal  Company;  to  W.  J.  Smith  of  Louis  Creek;  to  J.  J. 
Smith  of  Chinook  Cove;  and  to  George  Fennell  of  Chu  Chua.  Very  valuable  assist- 
ance was  given  at  times  by  D.  A.  Nichols,  whose  suggestions  were  the  means  of 
saving  considerable  time  in  geological  mapping. 

C.  O.  Swanson  rendered  efficient  assistance  in  every  branch  of  the  work;  and 
on  occasions  he  was  allotted  semi-independent  investigations.  C.  J.  Cock  also  acted 
as  field  assistant. 

PREVIOUS   WORK 

Previous  geological  investigations  of  this  and  adjacent  areas  had  been  made  by 
the  following  members  of  the  Geological  Survey: 

A.  R.  C.  Selwyn*  in  1871  made  a  traverse  up  North  Thompson  River  valley 
from  Kamloops  and  continued  his  reconnaissance  beyond  Tete  Jaune  to  the  Rocky 
mountains.  He  gives  some  preliminary  notes  on  the  occurrence  of  the  Lower  Cache 
Creek  series,  and  the  Tertiary  lavas  of  the  North  Thompson;  and  on  the  granite 
gneiss  and  mica  schist  series  near  Raft  river. 

G.  3£.  Dawson*  in  1877  made  a  reconnaissance  geological  map  covering  250,000 
square  miles  of  southern  British  Columbia.  He  reported  briefly  on  the  geology  of 
North  Thompson  River  valley,  as  far  north  as  the  Indian  reservation  near  Chu 
Chua.  He  describes  the  first  detailed  section  of  the  Tertiary  coal  measures,  which 
are  exposed  in  the  valley  of  Newhykulston  creek.  His  map,  on  a  scale  of  8  miles  to 
1  inch,  is  exceedingly  general,  and  its  northern  boundary  passes  just  south  of  the 
present  village  of  Chu  Chua. 

G.  M.  Dawson',  during  the  seasons  of  1888,  1SS9,  and  1890,  geologically  mapped 
the  area  of  the  Kamloops  sheet  (Figure  19).  This  work  was  done  on  a  scale  of 
4  miles  to  1  inch  and  embraced  an  area  of  6,400  square  miles.  The  areal  and  struc- 
tural geology  was,  of  necessity,  done  in  a  broad  and  general  fashion,  but  with  certain 
detailed  examinations  and  sections  in  some  of  the  crucial  areas.  His  correlation 
of  geological  series  was  carried  out  in  a  tentative  manner  from  the  eastern  sieves 
of  the  Coast  range  across  the  Interior  plateau  to  the  Selkirk  and  Rocky  mountains. 
In  many  respects,  it  was  based  on  the  occurrence  in  widely  separated  districts  of 
similar  lithological  successions  of  formations.  Dawson  describes  the  geology  of  the 
North  Thompson  valley  from  Kamloops  to  Chu  Chua,  and  the  distribution  of  the 
formations  is  shown  in  the  extreme  northeastern  corner  of  his  map.  The  structure, 
petrography,  and  economic  geology  of  this  part  of  the  valley  are  dealt  with  in  some 
detail.  No  new  information  is  presented  with  regard  to  the  Tertiary  coal  measures 
on  Newhykulston  creek. 

G.  M.  Dawson,  in  the  years  following  the  completion  of  his  Kamloops  report, 
geologically  mapped  the  area  of  the  Shuswap  sheet,  which  immediately  adjoins  on 

1  G€ol.  Surv..  Caiu.  Rept.  of  Prop.,  1871-72. 
2G€ol.  Surv..  Can.,  Rept.  of  Prog..  1877-78. 
sGeol.  Surv..  Can..  Ann.  Rept..  vol.  VII.  N.S.,  1894. 
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the  eaet  (Figure  19)  and  elightly  overlaps  the  Kamloope  sheet.  The  Shuswap  map 
includes  an  area  of  6,400  square  miles  on  a  scale  of  4  miles  to  1  inch.  Unfortu- 
nately Dawson  was  unable  to  complete  his  Shuswap  report,  so  that  the  only  published 
record  of  his  results  is  embodied  in  his  Shuswap  geological  map^  and  its  marginal 
notes. 

R.  A.  Daly,2  in  1911  and  1912,  carried  on  a  geological  survey  of  a  belt  of  country 
paralleling  the  Canadian  Pacific  railway  from  Olan  William  on  the  east  to  a  point 
11  miles  east  of  Kamloops.  He  extended  his  mapping  to  include  the  shores  of  Adams 
and  Shuswap  lakes,  and  outlined  a  geueral  revision  of  Dawson's  correlation.  The 
work  of  the  present  writer  in  19^  was  extended  easterly  to  the  shores  of  Adams  lake, 
and  an  areal  connexion  was  thus  established  with  the  work  of  Daly. 

TOPOGRAPHY  AXD  CLIMATE 

The  North  Thompson  valley  lies  near  the  eastern  margin  of  the  Interior  plateau. 
The  strip  of  country  included  in  the  North  Thompson  Valley  map-area  is  chiefly 
confined  to  the  flat  valley  bottom  and  the  rather  steep  valley  slopes.  In  places,  the  map 
extends  easterly  from  the  lip  of  the  valley  to  take  in  parts  of  the  relatively  flat 
uplands. 

North  Thompson  river  has  entrenched  itself  from  2,500  to  3,000  feet  below  the 
level  of  the  plateau.  The  gently  undulating  plateau  country  above  altitudes  of  3,500 
to  4,000  feet  is  in  very  marked  topographical  contrast  with  the  steep  and  in  some 
places,  rugged  and  rocky  sides  of  the  valley  (Plate  III  A).  The  lower  slopes  are 
finely  terraced,  whereas  the  valley  bottom  is  unusually  flat  and  has  an  average  width 
of  one  mile.  Here  and  there  isolated  knolls  and  ridges  stand  in  the  middle  of  the 
valley,  erosion  remnants  whose  tops  still  rise  very  nearly  to  the  general  level  of 
the  plateau  (Plate  III  B). 

A  large  part  of  the  district  is  drift-covered  and  well  timbered.  The  chief  areas 
of  exposed  rock  are  confined  to  the  more  rugged  portions  of  the  sides  of  the  valley,  the 
stream  and  river  canyons,  and  the  few  monadnocks  which  rise  above  the  plateau. 

The  area  of  the  sheet  lies  just  beyond  the  northeastern  margin  of  the  "  Dry  belt ". 
The  sage-brush  country,  so  characteristic  of  Kamloops  and  the  valley  of  Thompson 
river,  does  not  extend  northerly  as  far  as  Fishtrap  rapids,  a  few  miles  south  of  which 
is  a  rather  abrupt  transition  from  treeless  to  timbered  coimtry. 

The  climate  is  warm  and  comjjaratively  dry  in  sunmier  with  occasional  rains.  The 
precipitation  is  not  sufficient,  however,  to  render  the  flat  terrace-lands  arable,  without 
irrigation;  but  barren-looking  valley  flats  may  be  converted  by  irrigation  into  rich 
fruit-growing  ground. 

GENERAL  GEOLOGY 

GENERAL    STATEMENT 

The  lower  formations  of  the  district,  namely  the  Badger  Creek,  Fennell,  and 
Barridre,  consiait  of  a  series  of  quartzite,  quartz  slate,  micaceous  quartzite,  sericite 
schist,  chlorite  schist,  limestone,  dolomite,  argillite,  argillaceous  schist,  greenstone 
pillow  lava,  with  intrusive  gabbro  and  diorite  masses.  They  were  included  in  the 
Cambrian  system  by  Q.  M,  Dawson,  but  later  work  shows  this  correlation  to  be  doubt- 
ful. They  are  here  classified  as  Precambrian  or  late  PalsBOzoic 

These  rocks  are  intruded  by  dykes,  sills,  stocks,  and  a  batholith,  consisting  of 
granodiorite,  granite,  quartz  diorite,  micropegmatite-pyroxenite,  alkaline  syenite, 
aplite,  and  peg^matite.  The  age  of  these  intrusives  is  not  definitely  known,  but  they 
belong,  probably,  to  the  period  of  Coast  Range  intrusion. 

The  above-mentioned  formations  are  overlain  unconformably  by  a  series  of  late 
Eocene  sediments  consisting  of  basal  conglomerate,  arkose,  arenaceous  shale,  and  coal, 

iGeol.  Surv.,  Can.,  Map  604,  1898. 
2Geol.   Surv.,  Can..  Mem.   68.  1915. 
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which  are  confined  to  certain  protected  re-entrant  positions  near  the  bottom  of  the 
North  Thompson  trench.  They  are  erosion  remnants  of  a  much  more  widespread 
series  of  mechanical  and  organic  sediments.  These  sediments  are  unconformably 
overlain  by  a  thick  cover  of  3£iocene  augite-homblende  andesite  flows,  which  have 
baked  and  somewhat  metamorphosed  the  Eocene  sediments.  These  two  Tertiary 
formations  have  been  considerably  faulted  and  eroded,  and,  later,  covered  by  glacial 
drift.  Post-Pleistocene  lava  was  found  in  Mann  creek,  overlying  Eecent  stream 
gravels. 

The  North  Thompson  river  occupies  an  antecedent  course  inherited  from  Creta- 
ceous times.  Its  Cretaceous  valley  is  still  preserved  as  a  slight  depression  in  the 
uplifted  Cretaceous  i>eneplain. 

The  North  Thompson  valley  was  developed  at  least  to  its  present  depth  in  Middle 
Eocene  time,  for  the  Chu  Chua  (Eocene)  sediments  are  now  found  along  its  lowest 
slopes.  The  valley  was  later  flooded  by  Miocene  lavas,  and  was  re-excavated  during 
the  late  Tertiary.  Evidences  of  extensive  glaciation  are  foimd  in  Ithe  valley,  and  on 
the  highest  peaks  up  to  an  altitude  of  7,500  feet. 

Several  prospects  are  located  in  or  near  the  map-area.  The  most  important 
metalliferous  deposits  known  are  the  Gold  Hill,  carrying  free  gold  with  galena;  the 
Wind  Pass  and  the  Sweet  Home,  carrying  free  gold,  magnetite,  and  native  bismuth; 
the  Queen  Bess,  a  silver-zinc-lead  deposit;  and  the  Homestake,  a  silver-lead4)arite 
deposit  near  Adams  lake.  The  chief  economic  interest  of  the  area,  from  a  mining 
standpoint,  is  the  occurrence  of  coal  in  the  Eocene  measures  at  Chu  Chua.  During 
the  summer  and  autumn  of  1921  active  development  and  mining  was  being  carried  on 
by  the  Chu  Chua  Coal  Company. 
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schist,  quarts  pebble  conglomerate, 
aigillite,  orystaUine  limestone,  chlorite 
schist,  schistose  amygdaloidal  lava. 

Ellipsoidal  (pillow)  greenstone,  gabbro 
and  diorite  sills,  chert,  volcanic  brec- 
cia. 

Sla^  quartsite,  quarts  slate,  biotite 
schist,  dolomite,  hornblende  schist. 

DETAILED  DE80RIPTI0KS  OF  P0RHATI0N8 

Badger  Creeh  Formation 

The  Badger  Creek  formation  consists  of  a  series  of  metamorphosed  sedimentary 
and  volcanic  rocks,  now  largely  schistose.  They  are  predominantly  grey,  green,  and 
greyish-black.  The  rocks  are  of  the  following  types  beginning  with  the  highest 
members: 

Schistose  andesitic  tuff,  a  transitional  tyi)e  between  this  and  the  Fennell 
formation. 

Biotite  schist. 

Micaceous,  thin-bedded,  flaggy  quartzite. 

Dolomitic  quartzite. 

Quartz  slate. 

Silicified  argillite. 

Thin,  flne-grrained,  dolomite  and  limestone  beds. 

Hornblende  schist 

The  series  is  intruded  by  small  sills  of  granite  and  dykes  of  pegmatite  which 
have  limited  outcrops^  but  which  are  believed  to  be  connected  with  the  Darlington 
granodiorite. 

The  Badger  Creek  formation  is  the  lowest  stratigraphic  unit  in  the  map-area. 
It  is  exposed  (1)  in  the  vicinity  of  Badger  creek,  where  the  formation  crosses  North 
Thompson  river  in  a  northwesterly  direction;  (2)  north  of  Peterson  creek  on  the  west 
side  of  North  Thompson  river;  and  (3)  in  elongated  strips  in  the  neighbourhood  of 
Thuya  and  Montigny  creeks,  and  to  the  west  of  the  crest  of  Baldie.  These  areas  are 
unconnected  and  their  rocks  are  referred  to  the  Badger  Creek  formation  chiefly  on 
the  basis  of  their  lithology. 

The  dips  vary  from  0  degrees  to  90  degrees,  and  in  general  the  beds  are  steeply 
inclined. 

In  the  belt  which  crosses  North  Thompson  river  at  Badger  creek,^  the  most 
complete  section  of  the  formation  is  exposed.  The  structure  at  this  place  is  a  genth 
anticline,  as  shown  in  the  structure  section  on  line  A1-A2-B  {See  2iiap  1945).  The  crest 
of  the  anticline  is  well  exposed  along  the  road  IJ  miles  northeast  of  the  mouth  of 
Badger  creek.  A  section  of  the  northeasterly  limb  af  the  anticline  shows  a  thickness  of 
about  3,500  feet. 

In  the  area  north  of  Peterson  creek  the  rock  relations  are  considerably  obscured 
by  a  heavy  mantle  of  timber  and  glacial  drift,  and  the  formation  is  broken  up  and 
metamorphosed  by  intrusions  of  Darlington  granodiorite.  This  section  is,  therefore, 
only  tentatively  correlated  with  the  Badger  Creek  formation. 

In  the  Thuya  and  Montigny  Creeks,  and  Mount  Baldie  areas,  only  narrow  strips, 
consisting  chiefly  of  quartz  slate,  thinly-bedded  micaceous  quartzite,  and  minor 
amoimts  of  limestone  and  chlorite  schist,  are  exposed,  so  that  the  assignment  of  these 

1  Geol.  Surv..  Can..  Ann.  RepL.  vol.  VII,  N.S..  1894.     Plate  of  sections. 
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rocks  to  the  Badirer  Greek  formation  is  also  tentative.  Just  west  of  the  crest  of  mount 
Baldie,  the  westerly-plun^ng  contact  of  the  Baldie  ^auodiorite  truncates  the  quartzite 
and  quartz  slate  beds  of  this  formation. 

Age  and  Correlation.  No  data  were  obtained  within  the  map-area  which  would 
definitely  aid  in  establishing^  the  age  of  this  formation.  It  is  equivalent  to  the  Nis- 
konlith  series  (Lower  Cambrian)  of  Dawson.^  It  has  a  distinct  Cordilleran  trend, 
and  Dawson  shows  it  to  extend  southeastwards  with  one  gap,  to  the  vicinity  of  Niskon- 
lith  lake. 

Fennell  Formation 

This  formation  consists  chiefly  of  a  complex  of  altered  basic  rocks  of  intrusive, 
extrusive,  and  fragmental  characters.  It  covers  a  larger  area  than  any  other  forma- 
tion within  the  boundaries  of  the  sheet,  and  extends  from  its  southern  to  its  northern 
edges.    It  is  classified  by  Dawson^  as  a  lower  part  of  his  Adams  Lake  series. 

South  of  Barridre  river,  the  Fennell  formation  is  made  up  of  chlorite  schist, 
slightly  schistose  fine-grained  greenstone,  with  beds  of  schistose  tuffs.  These  rocks 
conformably  overlie  the  upper  part  of  the  Badger  Creek  formation  and  have  a  grada- 
tional  contact  with  the  latter.  They  are  intruded  by  dykes  and  sills  of  diorite  and 
gabbro  of  medium  to  coarse  grain,  in  which  the  ferromagnesian  minerals  are  suffi- 
ciently chloritized  to  give  the  rocks  dull  green  colours. 

North  of  Barridre  river,  the  east  side  of  North  Thompson  valley  is  bordered  by 
abrupt,  smoothly  glaciated  bluffs  of  brownish-weathering  medium-  to  fine-grained 
greenstone  (probably  metabasalt).  These  bluffs  constitute  the  Chinook  nu>un tains 
and  Oenier  hill.  In  the  vicinity  of  Chu  Chua  this  formation  spreads  and  occurs 
in  somewhat  isolated  ridges  in  the  middle  of  the  main  river  valley.  Examples  of 
these  ridges  are  Fennell  mountains,  mount  Olie  (Plate  III  B),  and  Queen  Bess  ridge. 
These  ridges  present  the  most  striking  topographic  features  of  the  sheet  The  rocks 
composing  them  are  mostly  ellipsoidally  weathered  greenstone,  associated  here  and 
there  with  sill-like  and  dyke-like  masses  of  altered  hornblende  gabbro.  Their  most 
characteristic  trait  is  their  pillow  structure  (Plate  IV  A).  This  is  exceedingly  well 
shown  on  the  cliff  sides  near  Genier  lake  end  along  the  Canadian  National  railway 
between  Chu  Chua  and  Mount  Olie.  They  are  interpreted  as  lava  flows,  probably  of 
submarine  origin. 

Lenticular  masses  of  thinly-bedded  grey  to  white  chert  occur  in  association  witli 
the  pillow  lavas.  This  chert  is  formed,  probably,  by  the  interaction  of  the  lava  with 
sea  water  and  its  association  recalls  that  of  submarine  lavas  and  chert  beds  of  the 
Lake  Superior  iron  district,^  of  county  Tyrone,  Ireland,*  of  the  Isle  of  2iian,**  of 
Hawaii,^  of  Newfoundland,^  and  other  districts. 

A  close  examination  of  the  ** pillows"  brings  out  the  structure  illustrated  in 
Plate  IV  B.  The  outer  parts  of  the  "pillows"  are  dark  bluish  gn^een,  dense,  and 
minutely  fractured.  The  spaces  between  the  broken  parts  of  the  peripheries  and 
between  adjacent  "pillows"  are  filled  with  chert  or  chalcedonic  quartz,  probably  of 
similar  origin  to  the  chert  beds  mentioned  above.  The  cores  of  the  "pillows"  are 
slightly  less  dense  than  the  outsides,  and  show  concentric  rings  of  much  altered 
greenish  amygdules.  Coarse-grrained  calcite  is  associated  here  and  there  with  the 
chert  of  the  inter-pillow  spaces. 

In  places  long  narrow  lenses  and  beds  of  fine-grained  white  limestone  or  dolomite 
occur  within  the  greenstone.  These  also  seem  to  be  the  result  of  some  process  of  inter- 
action of  the  basic  lavas  with  seawater  and  hence  are  of  inorganic  origin  and  non- 
fossiliferous. 

1  Bull.  Geol.  Soc.  Am.,  vol.  II.  pp.  166-176.  ~ 

Oeol.  Surv.,  Can..  Ann.  Rept.  vol.  VII,  N.S..  1894.  p.  81  B. 
«G€ol.  Surv.,  Can.,  Ann.  Rept..  vol.  VII.  N.  S.,  1894,  pp.  102-108  B. 
SU.S.  Geol.   Surv.,  Hon.   62.  pp.   506-512. 

U.S.  Geol.  Surv.,  Mon.  36.  pp.  112-124. 
^Gelkle,  "Ancient  Volcanoes  of  Great  Britain,"  vol.  I,  pp.  240-241. 

•  Idem,  vol.  II.  p.  24. 

•  Dutton.  "Hawaiian  Volcanoes."  U.S.  Geol.  Surv..  4th  Ann.  Rept,  1884.  pp.  95-96. 
TDaly,  "Variolitic  Pillow  Lava  from  Newfoundland."  Am.  Geol.,  voL  32.  1903.  p.  77. 


Digitized  by 


Google 


78  a 

Within  this  formation,  at  Beveral  places  north  of  Chu  Chua,  long,  narrow,  dyke- 
like mafises  of  buff-<coloured  siliceous  ferrodolomite  occur.  Theee  masses  A<m  grada- 
tional  contacts  with  the  greenstone,  and  are  evidently  the  resul<ts  of  the  carbonatiza- 
tion  of  belts  of  the  greenstone  along  zones  of  shearing.  They  are  important  as  the 
coimtry  rock  of  some  of  the  mineral  deposits,  notably  the  Gold  Hill  and  the  Queen 
Bess.  They  are  locally  called  dykes.  Most  of  the  greenstone  has  sufficient  secondary 
calcite  and  dolomite  scattered  through  its  mass  to  produce  a  ready  effervescence 
with  hydrochloric  acid.  The  liberation  of  calcium  and  magnesium  carbonates  during 
the  process  of  the  uralitizaiion  and  chloritization  of  the  ferromagnesian  minerals 
accounts,  prob^blyf  for  the  occurrence  of  at  least  some  of  the  material  of  the  ferro- 
dolomite zones.' 

Structure,  The  exposures  of  the  Fennell  formation  lying  to  the  north  of  Barri^re 
river  and  to  the  southwest  of  Louis  creek  were  not  found  in  areal  connexion.  The 
Fennell  rocks  which  immediately  overlie  the  Badger  Greek  formation  southwest 
of  Louis  creek,  are  chlorite  schists  which  grade  upward  into  massive  fine  to  medium- 
grained  greenstones  (meta-andesite  and  meta-basalts)  in  the  vicinity  of  Blucher  HalL 
The  lithological  similarity  of  the  greenstones  inmiediately  south  of  Blucher  Hall, 
and  for  several  miles  thence  in  a  southern  direction  up  the  valley  of  Louis  creek,  to 
those  north  of  Barridre  river  is  the  reason  for  their  correlation. 

The  areal  geology  indicates  quite  positively  the  position  of  a  fault  zone  striking 
in  a  northeast  direction  up  (the  valley  of  Barridre  river  (Figure  19).  The  block  of 
country  north  of  Barridre  river  appears  as  if  it  had  been  offset  in  an  easterly  direction 
with  relation  to  the  coimtry  south  of  the  fault  The  actual  direction  of  the  fault 
movement  cannot  be  determined.  With  this  interpretation,  the  belt  of  Fennell  rocks 
north  of  Barri^re  river  wouHd  correspond  wiith  that  part  lying  on  the  western  flank 
of  the  Badger  Creek  anticline  near  Skull  hill  (Structure  section  A1-A2-B). 

As  shown  in  the  structure  sections  on  lines  C-D  and  E-F  (See  Map  1W6)  the 
northern  x>art  of  this  formation  is  believed  to  be  in  synclinal  attitude,  with  the 
upturned  edges  of  the  underlying  Badger  Creek  quartzites  and  quartz  slates  showing 
along  its  east  and  west  margins. 

Age  and  Correlation,  No  information  tending  to  determine  the  age  of  this  forma- 
tion was  obtained  as  a  result  of  the  season's  work.  The  series  corresponds  to,  and 
is  in  areal  connexion  with,  the  lower  part  of  Dawson's  Adams  Lake  series  of  Cambrian 
age  occurring  along  the  upx>er  reaches  of  Louis  credc.^  It  lies  immediately  below 
Daly's  Bastion  schists  of  Skaam  bay,  Adams  lake,  and  is  probably  identical  with  his 
greenstones  ("probably  in  part  intrusive")  of  pre-Beltian  age,  as  shown  on  his  map 
of  Shuswap  lake.^  It  does  not  correspond  with  Daly's  Adams  Lake  greenstones 
(pre-Beltian)  which  represent  only  the  upper  part  of  Dawson^s  Adams  Lake  series. 

Barriere  Fbrmation 

This  formation  consists  of  metamorphosed  sediments,  with  minor  amounts  of 
volcanic  flow  and  fragmental  rocks.  It  is  exposed  chiefly  in  the  country  between 
Barriere  river  and  Louis  creek,  and  extends  continuously  eastward  to  Adams  lake. 
A  small  section  of  these  rocks  occurs  in  the  immediate  southwest  corner  of  the  map, 
between  Poison  and  Whitewood  creeks. 

The  prominent  petrographic  types  are  grey  and  black-banded  argillite,  with 
cleavage  crossing  the  bedding  planes;  brownish- weathering,  fine-grained  sericitic 
quartzite,  which  is  characterized  by  the  thinness  (j-inch  to  1-inch)  and  persistence 
of  its  individual  beds;  brownish  to  buff-coloured  sericite  schist;  fine-grained,  white 
to  grey,  massive  limestone;  dolomitic  quartzite;  schistose  quartz  pebble  conglomerate; 
silicified  argillite;  talic  schist;  white,  glistening,  fissile,  sericite  schist;  greyish  green 
tuff;  and  schistose  am^^gdaloidal  metabasalt. 

iGeol.  Surv.,  Can.,  Ann.  Rept.,  vol.  VII,  N.S.»  1894.  p.  108  B.  "" 

2GeoI.  Surv.,  Can.,  Mem.  68,  1915. 
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Structure,  The  rocks  of  this  formation  on  the  western  and  southern  elopes  of 
Barrio  and  Dixon  mountains  and  mount  Eraser,  form  a  very  marked  topographic 
unit.  They  have  a  fairly  uniform  strike  varying  between  due  east  and  south  60 
dogreee  east,  and  they  dip  85  degrees  to  50  degrees  to  the  northeast.  In  mount 
Armour,  which  is  separated  from  Barri^re  mountains  by  a  broad  alluvial  flat,  the  strike 
and  dip  vary  as  shown  by  the  pattern  on  the  geological  map  until  they  coincide  with 
those  of  the  Fennell  schists  at  the  junction  of  the  two  formations. 

A  vertical  north  and  south  section  from  Blucher  Hall  to  Barridre  river  shows 
a  thickness  of  over  32,000  feet  of  beds.  The  series,  however,  has  been  strike-faulted 
in  several  places  in  such  a  manner  as  to  cause  repeated  duplications.  Three  of  these 
faults  are  located  on  the  map.  Their  courses  could  not  be  closely  ascertained  on 
account  of  the  covering  of  timber  and  drift,  but  zones  of  very  marked  brecciation 
combined  with  topographic  breaks  indicate  approximately  the  positions  and  trends 
of  the  fault  zones.  No  estimate  could  be  formed  of  the  actual  formational  thickness 
exposed,  but  it  is  believed  to  be  very  much  less  than  the  figure  above  quoted. 

The  Barridre  formation  overlies  the  Fennell  formation,  but  they  are  in  juxta- 
position along  a  fault  contact  near  Louis  creek.  The  drag  of  the  Barri^re  quartzites, 
limestones,  and  schists  against  the  Fennell  greenstones  is  indicated  on  the  map  by 
the  curving  of  the  lines  of  regional  strike.  The  relative  movement  along  this  fault 
and  its  effect  in  obscuring  the  lower  parts  of  the  Blarridre  formation  are  shown  in  the 
structural  section  on  line  A1-B2-B. 

The  Barri^re  River  fault  (Figure  19)  separates  this  formation  from  the  Fennell 
greenstones  to  the  north. 

Age  and  CorrehUion,  No  field  evidence  was  obtained  that  would  help  to  determine 
the  age  of  this  formation.  The  limestone  members  are  all  crystalline,  and  unlikely 
to  yield  fossils. 

The  Barri^re  formation  was  traced  from  Blucher  Hall  along  the  road  to  Adams 
lake,  and  was  found  to  connect  with  the  area  of  the  Bastion  schist  of  Daly  at  Skaam 
bay.  This  area  is  mapped  provisionally  by  Daly  as  Bastion  formation  (pre-Beltian) 
for  the  reason  that  its  lithology  is  similar  to  that  of  his  type  Bastion  section  30  miles 
to  the  southeast^.  On  this  account  the  present  writer  preferred  not  to  use  the  same 
formational  name  for  the  series  on  the  North  Thompson. 

Dawson,  on  the  other  hand,  has  included  the  Fennell  and  Barri^re  formations 
of  the  North  Thompson  valley  and  Daly's  Bastion  schists  at  Skaam  bay  in  his  Adams 
Lake  series  (Cambrian).^  Daly  restricts  his  Adams  Lake  greenstones  C^  effusive  ")  to 
the  upper  or  volcanic  part  of  Dawson's  Adams  Lake  series  which  overlies  the  Skaam 
Bay  Bastion  schists.  These  chlorite  scfhists  and  greenstones  of  Daly's  Adams  Lake 
group  do  not,  the  writer  believes,  extend  to  the  North  Thompson  map-area.  They 
axe  probably  cut  off  by  the  Barri^re  River  fault  and  by  the  Baldie  batholith. 
(Figure  19). 


1  Geol.  Surv.,  Can,.  Mem.  68,  1S15,  p.  20. 
zGeoI.  Surv.,  Can.,  Maps  Noa  604  and  143  A. 
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The  relationships  of  the  Badger  Creek,  Fennell,  and  Barri^re  formations  to  the 
formations  of  Dawson  and  Daly  are  represented  in  the  following  table: 


G.  M.  Dawson 


R.  A.  Daly 


W.  L.  Uglow 


Stratigraphy  shown  on  the 

Kamloopfl  and  Shoswap 

sheets 


Stratigraphy  shown  on  the 
Shuswap  Lak^  sheet 


Stratigraphy  shown  on  the  North 
Thompson  sheet 


O 


'  Adanu  Lake  aeriea 
Upper  portion:  green       <- 

schists  of  volcanic  origin 
(Dawsonmaps  this  Iiine-<- 

stone  belt  as  belonging  to 

the  Cache  Creek  group 

(Carboniferous)  ) 

Middle  portion:  grey        <- 
schists  of  sedimentary 
origin 

Lower  portion:  green      <- 
schist  and  greenstone 
(volcanic) 

Niakanlith  aeries <- 


^  Adams  Lake  greenstone . .  <- 
->Tshina]dn  limestone <- 


->Bastion  schist <- 


—>  Not  on  Shuswap  Lake  sheet^- 


->Not  on  Shuswap  Lake  sheet<- 


->  Not  on  North  Thompson  sheet' 
->  ^f  ot  on  North  Thompson  sheet 


->Barri^re  formation 


->  Fennell  formation 


->Badger  Creek  formation 


3v- 


Non:    Correspondence  of  formations  on  the  different  sheets  is  indicated  by  double-headed  arrows. 

INTRUSIVE   IGNEOUS  ROCKS 

Darlington  Granodiorite 

This  is  a  medium-  to  coarse-grained,  white  to  grey  granitoid  rock  consisting 
chiefly  of  oligoclase,  orthoclase,  and  homhlende.  Much  of  the  feldspar  is  clouded 
with  alteration  products,  and  the  homhlende  is  partly  altered  to  chlorite.  Along  its 
contacts  the  rock  is  locally  gneissic. 

Five  dyke,  sill,  and  border  phases  of  this  intrusive  are  met  with.  These  are:  (1) 
porphyritic  hornblende  granodiorite,  in  which  phenocrysts  of  common  hornblende 
up  to  3  inches  in  length  and  ]  inch  in  thickness  are  set  in  a  fine-grained,  greyish 
matrix  of  plagioclase  and  hornblende;  (2)  uralitized  pyroxenite,  which  consists  of  a 
mosaic  of  large-sized  grains  of  black  uralite,  containing  small  amounts  of  secondary 
intersertal  calcite;  (3)  lenticular  masses  of  quartz-orthoclase-muscovite  pegmatite; 
(4)  irregular-shaped  masses  of  white  to  brown  aplite;  and  (6)  a  border  facies  of  fine- 
grained dark  grey  diorite. 

With  the  exception  of  a  fine-grained  grranitic  sill  and  a  pegmatite  dyke,  the 
exposures  of  this  formation  are  confined  to  the  west  side  of  North  Thompson  river. 
The  larger  bodies  occur  as  stocks  to  the  west  of  Chu  Chua  and  Barridre.  These  rocks 
intrude  the  Badger  Creek,  Fennell,  and  Barri^re  formations,  but  were  not  found 
cutting  any  other  intrusive  rock  body.  Their  fabric  is  essentially  gpranitoid,  but 
towards  their  contacts  a  marked  parallelism  of  hornblende  crystal  grains  produces  a 
noticeable  gneissic  appearance. 

MICROPEOMATITE-PYROXENITE    SILLS 

This  formation  consists  either  of  a  comi>osite  sill  or  a  difPerentiated  sill.  Lack 
of  good  exposures  across  the  formation  prevented  exact  determination. 

The  most  westerly  or  upper  part  of  the  main  sill  is  a  coarse-grained,  mottled 
grey  rock  which,  under  the  microscope,  is  seen  to  be  a  gri'anophyre,  consisting  of  large, 
rectangular-shaped  phenocrysts  of  orthoclase  and  acidic  plagioclase,  separated  by 
important  amounts  of  micropegmatite.  Common  green  hornblende  is  an  important 
accessory,  and  minor  amounts  of  free  quartz  occur. 
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The  lower  part  of  the  sill  or  sills,  which  is  exposed  on  the  western  flank  of  the 
crest  of  mount  Baldie,  is  a  brownish-weathering,  medium-grained  pyroxenite  con- 
sisting almost  entirely  of  greenish  diallage  with  accessory  magnetite. 

The  sills  occur  on  the  western  flank  of  mount  Baldie,  interbedded  with  the 
Badger  Creek  and  Fennell  sediments  and  lavas.  Outcrops  of  a  similar  rock  occur 
on  the  plateau  northeast  of  Chinook  Cove  just  beyond  the  edge  of  the  map,  and  are 
believed  to  be  the  southerly  extension  of  these  sills.  In  a  deep  ravine  at  the  head  of 
one  of  the  westerly-flowing  tributaries  of  Joseph  creek,  and  near  the  crest  of  mount 
Baldie,  these  sills  and  associated  sediments  are  seen  to  be  truncated  below  by  the 
Baldie  batholith. 

BIOTITE  ORAXDIORITB  SILLS 

Megascopically  these  sills  are  medium-grained,  porphyritic,  grey  to  brownish 
grey  rocks  consisting  of  glassy  and  buff-coloured  feldspars,  quartz,  and  hexagonal- 
shaped  "  books  "  of  iriotite.  They  were  classified  in  the  field  as  granodiorites.  Pbeno- 
crysts  of  plagioclase  up  to  one  inch  in  length  and  width  are  conunon  constituents 
and  the  reflection  of  light  from  their  mirror-like  faces  is  a  striking  field  character- 
istic.   These  phenocrysts  are  poikilitically  studded  with  grains  of  biotite  and  quartE. 

A  typical  specimen  of  the  rock  proved  under  the  microscope  to  be  a  porphyritic 
biotite  quartz  diorite  with  the  following  characteristics:  large  broken  phenocrysts  of 
andesine-oligoclase,  showing  marked  albite  twinning,  zonary  structure,  and  alteration 
in  spots  to  zoisite  and  colourless  mica;  phenocrysts  of  biotite  and  quartz;  and  a 
groundmass  or  mosaic  of  quartz  and  twinned  plagioclase. 

Only  two  sills  of  this  rock  were  found  in  the  area,  one  about  2  miles  south  of 
the  village  of  Mount  Olie,  and  the  other  1  mile  west  of  the  mouth  of  Fishtrap  creek. 
They  are  placed  together  in  the  legend  because  of  similar  lithology.  Th^  stand  in 
an  almost  vertical  attitude,  but  their  longitudinal  extent  was  not  determined.  Their 
relationship  to  the  other  intrusive  rocks  of  the  district  is  not  known. 


BALDIE  GRANITE 

Megascopically  this  rock  is  coarse-grained,  porphyritic  to  granitoid,  and  pale 
pink  to  light  grey  in  colour.  The  chief  constituents  are  clear  glassy  quartz,  large 
cleavage  grains  and  rectangular-shaped  phenocrysts  of  pinkish  feldspar,  in  which 
Carlsbad  twinning  is  common,  And  minor  amounts  of  biotite. 

Under  the  microscope,  the  rock  is  seen  to  be  an  acidic  quartz  monzonite  consisting 
of  large  grains  of  quartz,  albite-oligoclase,  and  microperthite  (the  intergrowth  being 
orthoclase  and  albite-oligoclase).  The  accessory  constituents  are  chiefly  biotite  and 
nrngroetite. 

This  rock  occurs  in  the  form  of  a  batholith  whose  western  contact  crosses  the 
top  of  mount  BaHdie  in  a  general  north-south  direction  and  swings  away  from  the 
North  Thompson  valley  in  northeasterly  and  southeasterly  directions.  The  batholith 
underlies  a  large  stretch  of  country  to  the  east,  and  is  continuous  with  Dawson's 
Shuswap  granite  where  it  is  exposed  on  Adams  lake  (Figure  19). 

W'here  the  western  contact  of  the  granite  crosses  the  most  southern  tributary  of 
^oneph  creek,  it  plunges  in  a  westerly  direction  at  an  angle  varying  from  35  degrees  to 
50  degrees,  thus  undercutting  the  adjacent  members  of  the  Badger  Credc  formation 
iind  their  intercalated  mioropegmatite-pyroxenite  sills.  On  the  northwestern  shore  of 
Adams  lake,  the  granite  is  in  intrusive  relations  with  Daly's  Adams  Lake  greenstones, 
which  are  stratigraphieally  higher  than  the  Barri^re  formation. 

The  relationship  of  this  granite  to  the  stocks  of  Darlington  granodiorite  on  the 
west  side  of  the  North  Thompson  valley  is  not  known,  so  that  their  resi)ective  positions 
in  the  legend  are  provisional. 
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In  the  field  this  rock  is  white  to  greyish  white  and  porphjritic;  and  consists 
almost  entirdy  of  a  network  of  lath-shaped  crystals  of  feldspar  with  minor  amounts 
of  common  hornMende,  in  a  fine-grained^  greyish  matrix.  The  structure  is  markedly 
trachytic. 

Under  the  microscope  the  rock  is  seen  to  be  an  alkaline  syenite  consisting  largely 
of  microcline,  microperthite,  and  albite-oligodase,  with  minor  amounts  of  hornblende. 

A  Btocklike  mass  of  the  qrenite  is  found  just  south  of  Peterson  creA.  at  the  western 
boundary  of  the  map.  It  is  intrusive  into  the  stock  of  Darlington  granodiorite  with 
which  it  is  in  contact. 

AQE   OF  INTRUSIVE   ROCKS 

No  direct  evidence  was  found  in  the  map-area  as  to  the  time  of  intrusion  of  the 
igneous  rocks.  They  are  all  probably  younger  than  the  rocks  of  the  Barridre  group, 
and  older  than  the  Eocene.  The  foSlowing  i)oint8  suggest  that  the  intrusives  are 
chronologically  related  to  the  Coast  Kan^e  intrusion  of  iate  Jurassic  times,  rather 
than  to  the  Precambrian. 

Their  general  lack  of  foliation  except  in  the  vicinity  of  main  contacts. 

The  litholoirical  similarity  of  the  Darlington  granodiorite  to  the  granodiorite  of  the  Coast 
Range  bathollth. 

The  Uthological  similarity  of  the  Baldie  granite  and  granodiorite  to  the  Nelson  grano- 
dlorite»  of  which  a  series  of  stocks  follows  a  general  northwesterly  coarse  from  near  Nelson 
to  the  main  line  of  the  Canadian  Pacific  railway.  The  Baldie  bathollth  may  be  another  link 
In  this  chain  of  Hesosoic  Intrusions. 


Tertiary 

MIDDLE  OR  UPPER  EOCENE— €HU  CHUA  FORMATION 

This  formation  consists  of  a  series  of  sedimentary  beds  ranging  in  composition 
from  conglomerate  through  arkosic  sandstone  and  highly  feldapathic  arkose  to  sandy 
shale,  and  containing  coal  seams.  All  the  rocks  are  consolidated.  The  lowest  member 
of  the  series  is  the  baaail  conglomerate  (or  agglomerate).  It  consists  of  a  heterogeneous 
mixture  of  rounded,  sub-angular,  and  angular  fragments  of  the  older  country  rocks 
of  the  immediate  yicinity.  Some  of  these  fragments  are  very  large,  whereas  others 
resemble  pebbles  from  stream  gravels.  The  matrix  of  the  fragments  is  a  fine-  to 
coarse-gnained  grit.  Where  the  underlying  rock  is  the  FenneH  greenstone,  the  larger 
part  of  the  conglomerate  is  made  up  of  large,  irregukr,  talus-like  pieces  of  that  rock, 
associated  with  which  are  stream-rounded  x>ebble8  and  boulders  of  granite  and  grano- 
diorite. The  basal  portion  of  this  conglomerate  passes  gradually  by  an  increase  in 
the  quantity  of  fragments  into  the  underlying  rock,  so  that  it  is  often  difficult,  if  not 
impossible,  to  trace  a  definite  contact  surface  between  the  two  formations.  The  thickest 
section  of  the  basal  conglomerate  exposed  in  any  one  place  in  the  sheet  is  150  feet 
(near  Chu  Chua  station). 

The  intermediate  and  upper  members  of  the  formation  consist  of  massive  beds  of 
coarse  pebbly  sandstone  or  fine-grained  stratified  conglomerate,  and  a  considerftble 
thickness  of  thin-bedded  arkose  and  sandy  shale.  There  is  commonly  an  abrupt 
change  in  the  grain  in  adjacent  beds,  and  frequently  a  8  to  4-inch  layer  shows  fine- 
grained, sandy  shale  at  its  margins  with  fine-grained  conglomerate  at  its  centre. 
Several  seams  of  sub-bituminous  coal  occur  in  the  upper  part  of  the  formation,  asso- 
ciated with  the  sandy  shale  and  feldspathic  sandstone. 

The  basal  conglomerate  is  well  consolidated  and  is  grey  to  green  in  colour  accord- 
ing to  the  relative  abimdance  of  the  constituent  fragments.  The  aricose  and  sandy 
shale  are  as  a  rule  greyish  white.  Where  these  sediments  are  oapped  by  Miocene  lava 
fiows,  by  which  they  have  been  considerably  indurated,  the  dudes  are  buff  to  brown, 
very  markedly  banded,  and  quite  coherent. 
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Diatrihuiion.  Tlie  Chu  Chua  sediments  were  found  in  the  following  isolated 
localities  in  the  northern  part  of  the  map-area: 

The  sides  of  the  lower  i>art  of  Newhykulston  valley. 

The  southeast  bank  of  Joseph  creek,  about  100  yards  from  the  road  bridge. 

The  iTorge  of  Threemile  creek,  one-quarter  of  a  mile  above  its  junction  with  Lemieux 
creek. 

Cliffs  alonfiT  the  Canadian  National  railway  for  one  mile  north  of  Chu  Chua  station. 

The  fforge  of  Thuya  creek,  about  600  yards  west  of  the  road  bridge. 

The  gorge  of  Darlington  creek,  about  300  yards  upstream  from  the  road  bridge. 

The  east  bank  of  North  Thompson  river  at  low-water  level,  one-quarter  of  a  mile  north 
of  Chu  Chua  station. 

Straiigraphy  and  Siructure,  The  stratigraphy  and  structure  of  the  Chu  Ohua 
formation  are  shown  in  the  accompanying  sections  (Figures  12-16). 


Figure  12.    Vertical  section  across  Joseph  creek  above  road  bridge,  showing  relations 
and  structure  of  Fennel],  Chu  Chua,  and  Skull  HUl  formations. 
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Figure  13.     Detailed  vertical  section  of  the  lower  part  of  the  Chu  Chua  formation  shown 

in  Figure  12. 
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Figure  14. 


Vertical  section  along  grade  of  Tbreemile  creek,  showing  relation  and 
structure  of  the  Chu  Chua  formation. 
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Figure  15.     Diagrammatic  vertical  section  showing  relation  of  Chu  Chua  and  Badger  Creek 
formations  and  Darlington  granodiorite.  in  Thuya  Creek  gorge. 
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Figure  16.     Diagrammatic  vertical  section  showing  relation  of  the  Chu  Chua  and  Skull  Hill 

formations  on  south  side  of  Darlington  Creek  gorge. 

The  following  features  are  of  particular  interest. 

The  exposures  are  confined  to  the  beds  and  lower  slopes  of  North  Thompson 
river  and  some  of  its  tributary  streams,  and  mostly  occur  below  the  2,000-foot  contour. 

The  longitudinal  extent  of  the  outcrops  of  the  formation  is  in  each  case  a  short 
one.  In  the  Newhykulston  Creek  area,  for  example,  the  only  outcrop  of  these 
sediments  is  in  the  cut-banks  of  the  stream  valley.  A  low  ridge,  rising  to  a  uniform 
height  of  a  little  over  2,000  feet  (or  800  feet  above  the  river),  extends  in  northerly 
and  southerly  directions  from  the  locality  of  the  Chu  Chua  coal  mine  for  distances 
of  2  miles  and  1}  miles  respectively.  The  topography  of  this  ridge  suggests  that  it 
is  underlain  by  the  Chu  Chua  formation,  but,  although  it  is  traversed  by  several  other 
stream  valleys,  no  exposures  of  this  formation  were  seen  except  those  on  Newhykulston 
creek. 
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The  basin  of  Ohu  CSiua  rocks  exposed  in  Threemile  creek  may  also  continue 
longitudinally  in  northwest  and  southeast  directions  for  4  or  5  miles,  but  the  only 
evidence  in  favour  of  tliie  possibility  is  the  topography. 

The  beds  dip  (uniformly)  to  the  east  and  southeast  at  angles  varying  from  29 
degrees  to  50  degrees.  The  strike  in  all  cases  is  parallel  to  the  general  trend  of  North 
Thompson  valley. 

The  basal  conglomerate  has  the  appearance  of  a  tumultuous  deposit,  or  the 
consolidated  product  of  a  mixture  of  talus  fragments  and  large  stream  boulders. 

There  is  a  total  absence  of  limestone,  and  of  well-assorted  fragmental  sediments. 
The  shales  are  sandy  and  the  sandstones  are  f eldspathic. 

The  most  continuous  section  of  the  Chu  Chua  formation  is  found  along  the  sides 
of  Newhykulston  creek.  Here  the  thickness  represented  between  the  lowest  and 
highest  seams  of  coal  is  600  feet.  The  bottom  of  the  basal  conglomerate  ie  at  least 
1,650  feet  below  the  lowest  seam  of  coal.  A  considerable  thickness  of  Chu  Chua  sedi- 
ments is  believed  to  exist  above  the  highest  coal  seam*  but  these  are  not  exposed. 
Consequently,  if  there  is  no  duplication  of  beds  by  strike  faulting,  the  formation  in. 
this  locality  is  probably  2,500  feet  thick. 

It  is  probable  that  the  Chu  Chua  sediments  extend  underneath  the  lavas  of  the 
Skull  Hill  formation  on  the  west  side  of  North  Thompson  river  between  Chinook 
cove  and  Thuya  creek,  and  have  thus  been  protected  from  post-Miocene  erosion. 

The  isolated  patches  of  Chu  Chua  rocks  are  erosion  remnants  of  a  much  more 
extensive  formation  which  filled  the  Eocene  North  Thompson  valley  to  a  height  of 
j)08»ibly  2,500  feet  above  its  bed. 

Age  and  Correlation.  Suites  of  fossil  flora  were  obtained  from  the  localities 
indicated  on  the  structural  sections  (Figures  12,  13,  16)  and  were  submitted  to  Pro- 
fessor D.  W.  Berry,  of  Johns  Hopkins  University,  for  examination.  Only  a  few 
specimens  were  obtained  from  Darlington  creek,  and  these  were  not  in  very  good 
condition.  The  Joseph  Creek  locality  is  abundantly  fossilif erous,  and  the  fossils  are 
excellently  preserved.  The  zone  at  this  place  is  3  to  4  feet  thick,  and  fortunately  it 
occurs  less  than  5  feet  above  the  top  of  the  basal  conglomerate.  The  fossils  from 
Newhykulston  creek  are  from  a  shale  at  the  top  of  the  chief  coal  seam.  The  dis- 
coveries at  these  localities  fix  rather  closely  the  age  of  the  Chu  Chua  formation,  from 
its  base  to  the  top  of  the  main  coal  seam.  Extracts  from  the  reports  by  Professor 
Berry,  establishing  the  age  of  the  Chu  Chua  formation  as  Middle  to  Upper  Eocene,  are 
as  follows: 

Nexchykulaton  Creek  Collection 

The  foUowlner  nine  species  were  identified.  The  great  bulk  of  the  collection  represents 
the  sterile  and  fertile  fronds  of  the  fern  genus  Woodwardia.  The  presence  of  numerous  frag- 
ments  of  dicotyledonous  species  on  the  backs  of  the  thicker  slabs  of  shale  indicates  that  the 
number  of  such  species  would  be  greatly  increased  by  further  collecting. 

1.  Woodwardi  maxoni  Knowlton. 

2.  Phragmitea  ap.,  Newberry,  which  is  probably  the  same  as  Phragmitea  aUiakana  Heer. 

3.  Poacitea  tenue-atriatua  Heer. 

4.  MuaophyUum  compliocttum  Lesquereux  (probably  not  a  Muaophyllum). 

5.  Betula  grandifolia  Ettinghausen. 

6.  Corylua  macquarrii  (Forbes)   Heer. 

7.  OreuHa  crenata  (Unger)  Heer. 

8.  Peteroapermitea  alaakana  Knowlton. 

Nos.  1.  2,  6,  and  7  are  Fort  Union  Forms,  No.  4  is  Green  River.  Nob.  2,  3.  6,  6,  7,  and  8 
are  Kenai  forms.  The  material  is  unquestionably  of  Ek)cene  age  and  shows  a  mingling  of  Fort 
Union  with  the  Arctic  Tertiary  flora  which  is  now  usually  considered  to  be  of  Upper  Ek>cene 
age.  There  is  little  resemblance  to  the  Eocene  floras  of  the  John  Bay  basin  in  Oregon. 
Although  the  evidence  is  not  conclusive,  I  would  be  inclined  to  consider  the  Chu  Chua  horizon 
ais  Middle  or  Upper  Eocene  and  considerably  younger  than  the  so-called  Canadian  Upper 
LAramie,  or  Paskapoo. 

».  Taxodium  occidentale  Newberry.  Twigs  of  this  species  are  not  uncommon  to  the  collec- 
tion. The  type  was  from  the  Fort  Union,  but  is  also  recorded  from  the  Lance,  and  from  the 
Ekx;ene  of  Mackenzie.  Souris,  Red  Deer,  and  Blackwater  rivers  and  Porcupine  cree4c  in  British 
Columbia.  Penhallow  also  recorded  it  from  Quilchena,  Tanquille,  and  Horsefly  rivers,  B.C.. 
but  his  identifications  are  not  very  reliable: 
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Joseph  Creek  Collejtion 

This  collection  includes  the  followinflr  forms: 
Acer  mtioropteriutn  Heer. 
Acer  fruits. 
Alntta  sp. 
Alnua  cones. 
Betula  sp. 
Carpinua  sp. 
Oomptonia,  new  species. 
Vorylua  macqtiarrii  Heer. 
Dio9pyro9  sp. 

Ginkgo  adiantoidea  (Unsrer)  Heer. 
Olyptoatrobua  europaeua  (Bron^niart)  Heer. 
LegunUnoaitea  boredlia  Heer. 
Hiooria,  2  speoiea 
Liriodendron  sp. 
Myrioa,  new  species. 

Pinua  trunoulua  Dawson  (leaves  and  seeds). 
Pinna,  cone  scales. 
Phragmitea  aiaakana  Heer. 
Populua,  new  species. 
Queroua  grcenlandica  Heer. 
Queroua,  new  species. 
Saaaafraa  aelwynU  Dawson. 
Seqtioia  sp. 
Taxitea  sp. 

Tckpodium  duMum  (Sternberg)  Heer. 
Tawodium  oooidenttUe  Newberry. 
Ulmua,  2  species. 

Viburnum  antiquum  (Newberry)  Hollick. 
Squiaetum  aimilkamenae  Dawson. 

This  material  contains  one  or  two  Paskapoo  species,  but  it  is  in  the  main  identical  with 
the  fades  of  the  Kenai  flora  of  Alaska.  It  shows  but  slight  similarities  to  the  flora  of  the 
Puget  group,  and  I  have  no  hesitation  in  saying  that  it  is  probably  of  Upper  E«ocene  age. 

Darlington  Creek  CoUeotion 
The  identifiable  forms  comprise: 

CoryPua  maoquarrU  Heer. 

Pinua  trunoulua  Dawson  (both  leaf  fascicles  and  seeds). 

Ulmua  sp. 

I  regard  this  collection  as  of  practically  the  same  age  as  that  at  Joseph  creek,  namely 
Upper  Eocene. 

These  collections  of  fossil  flora  establish  the  occurrence  of  a  late  Eocene  coal- 
bearing  formation  in  south-central  British  Columbia.  This  occurrence — ^the  first 
authentic  discovery  of  Eocene  sediments  in  the  Interior  plateau — ^indicates  some 
interesting  physiographic  relations  (See  pages  89  and  90). 

Dawson  classified  the  coal-bearing  sediments  of  Newhykulston  creek  as  Oligocene 
and  correlated  them  with  the  Ooldwater  group.^ 

HI0€«NB — SKULL  HILL  FORMATION 

This  formation  consists  of  a  series  of  volcanic  flows,  minor  amounts  of  flow 
breccias,  and  a  few  sills  in  the  Chu  Chua  formation.  AOcroscopic  examinations  of 
thin  sections  prove  the  flows  and  sills  to  be  very  constant  in  mineralogical  composition 
and  petrographic  type.  They  are  black,  brown,  and  greyish-green»  the  black  and 
brown  predominating.  The  lavas  are  mostly  highly  amygdaloidal,  the  amygdules 
consisting  of  chalcedony,  agate,  hyalite,  zeolites,  calcite,  serpentine,  and  some  native 
copper. 

Homblende-andesite  is  the  common  type.  Its  characteristics  are  so  marked  that 
they  may  be  used  as  a  basis  to  differentiate  the  Skull  Hill  lavas  from  other  flows  in 
this  area.  The  groundmass  consists  of  a  fine  to  medium-grained,  felted  mass  of 
idagioclase  laths  of  the  composition  of  andesine-labradorite  with  interstitial  augite 

lOeoL  Burv.,  Can.,  Ann.  Rept.,  vol.  VII,  N.S.,  1894,  p.  229  B. 
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and  hornblende.  Its  structure  varies  from  pilotazitic  to  hyalopilitic.  Fluxion 
structure  is  not  very  marked  except  in  the  vicinity  of  the  phenocrysts.  These  are 
predominantly  basaltic  hornblende  whose  outlines  are  usually  six-sided.  The  peri- 
pheries of  the  phenocrysts  consist  of  a  mass  of  grains  of  a  black  opaque  mineral, 
probably  magnetite,  which  appears  to  be  the  result  of  interaction  between  the  horn- 
blende and  the  surrounding  magma.  All  stages  from  incipient  to  complete  trans- 
formation of  the  basaltic  hornblende  to  magnetite  may  be  seen  in  the  sections.  Other 
phenocrysts,  not  so  commonly  present,  are  augite  and  andesine-labradorite.  Hour- 
glass structure  occurs  in  some  of  the  augite,  and  twinning  is  not  imusual.  Zonary 
structure  is  very  common  in  the  plagioclase  phenocrysts.  Magnetite  is  a  fairly 
abundant  accessory  constituent. 

The  amygdaloidal  parts  of  the  formation  are  mostly  much  decomposed,  especially 
where  they  have  been  soaked  by  percolating  water  from  the  artesian  flow  and  the 
streams  which  traverse  them. 

Distribution,    The  formation  occurs  in  three  localities  within  the  map-area : 

On  Skull  hill,  where  it  produces  the  mesa-like  top  of  the  mountain. 

Along  the  west  bank  of  the  river  commencing  6  miles  north  of  Peterson  creek 
and  continuing  to  a  point  opposite  Chu  Chua.  In  this  reach  it  constitutes  a  rook- 
defended  terrace,  fringing  the  base  of  the  main  valley  slopes. 

As  a  capping  to  the  Chu  Ohua  formation  at  the  northeast  end  of  Dunn  lake. 

More  extensive  exposures  are  found  in  the  region  of  Clearwater  river,  but  this 
area  was  not  studied  carefully  during  the  season,  and  the  details  of  the  occurrence 

I  not  noted. 


Structure.  The  andesites  of  Skull  hill  are  in  a  nearly  horizontal  attitude.  The 
lower  part  of  them,  including  their  contact  with  the  underlying  formations,  is 
obscured  by  talus  and  glacial  drift,  so  that  the  greatest  exposed  thickness  is  1,100 
feet  It  is  not  known  whether  any  part  of  the  Chu  Ohua  formation  is  buried  beneath 
these  flows,  or  whether  th^  lie  directly  on  the  Fennell  greenstones  and  green  schists. 

In  the  Dunn  Lake  area  only  the  upper  part  of  the  lavas  is  exposed,  but  400 
feet  is  believed  to  be  a  conservative  estimate  of  their  thickness.  The  flows  appear  to 
dip  to  the  southeast  less  steeply  than  the  underlying  Chu  Ohua  sediments,  but  this 
point  could  not  be  definitely  determined. 

In  the  area  on  the  west  side  of  North  Thompson  river  the  rocks  of  the  Skull  Hill 
formation  are  largely  concealed  under  the  glacial  overburden.  Sections  of  them  are 
obtained  along  the  gorges  of  the  various  streams  running  easterly.  Exposures  are, 
however,  quite  abundant  locally  on  both  sides  of  the  main  road  from  1}  to  3  miles 
north  of  Chinook  Cove. 
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Fic:ure  17.     Q«nerallzed  cross-section  showing  the  faulUnff  of  the  TertUuT  formations 
In  North  Thompson  valley.    Vertical  scale  greatly  exaggerated. 

For  1\  miles  along  this  side  of  the  river,  the  rock  terrace  continues,  and  on  it 
some  of  the  richest  agricultural  land  of  the  district  is  located.     This  terrace  is  ar 
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erosion  remnant  of  the  lava  flood-plain,  which  formerly  filled  the  North  Thompson 
valley  to  a  height  varying  from  600  to  2,000  feet  above  the  present  river  grade. 

In  many  places  these  andesites  are  notably  sliced  or  traversed  by  a  series  of 
closely-spaced  parallel  fractures  that  correspond  in  strike  to  the  trend  of  the  main 
trench.  These  fractures  give  the  rock  the  appearance  of  a  schist,  but  there  is  no 
evidence  of  recrystallization  or  of  the  development  of  platy  minerals. 

The  strip  of  Skull  Hill  lava  on  the  west  side  of  the  main  river  trench  and  the 
stratigraphically  lower  Chu  Chua  sediments  on  the  east  side,  just  opposite,  suggest 
the  occurrence  of  i>ost-Skull  Hill  faulting  parallel  to  the  trend  of  the  trench  along 
which  the  western  side  has  dropped  relatively  to  the  eastern  side  (Figure  17).  The 
fracturing  and  slicing  mentioned  in  the  previous  paragraph  are  believed  to  be  a 
result  of  this  faulting. 

Age  and  Correlation,  No  sediments  older  than  the  Pleistocene  and  overlying 
the  lavas  were  found  within  the  sheet.  The  Skull  Hill  formation  is,  therefore,  only 
provisionally  referred  to  the  Miocene. 


Qnatemary 

PLEISTOCENE 

Olacyd  Drift,  A  large  part  of  the  area  mapped,  particularly  the  lower  slopes 
of  the  valley  and  the  uplands  of  the  plateau,  is  covered  by  glacial  drift.  Olacial 
striae  were  found  on  some  of  the  rocky  knolls  on  the  plateau  and  D.  A.  Nichols  found 
well-marked  strise  on  Granite  mountain,  northeast  of  the  geological  map  (No.  1945) 
at  an  altitude  of  7,500  feet 

RECENT 

White  Silts.  Terraces  of  the  White  Silts  (of  Dawson)  occur  in  many  parts  of 
North  Thompeon  valley  and  on  its  main  tributaries.  They  are  found  at  altitudes  up 
to  2,000  feet.  As  stated  by  Dawson^  the  White  Silts  were  probably  a  lacustrine  deposit 
of  the  finer  parts  of  the  material  made  available  just  after  the  last  glacial  retreat. 

River  Deposits.  These  consist  of  stratified  stream  and  river  gravels  and  silts 
occurring  on  the  valley  flats  and  as  terraces  rising  to  over  500  feet  above  the  l6vel  of 
North  Thompson  river. 

Lava,  A  highly  vesicular  andesitic  lava,  probably  of  post-Pleistocene  age,  is 
found  in  the  canyon  of  Mann  creek  and  about  H  miles  above  its  mouth.  This  district 
is  outside  the  limits  of  the  present  sheet  and  it  was  not  examined  in  detail.  A  section 
of  the  occurrence  is  given  in  Figure  18. 


Flirure  18.     Section  showing  mode  of  occurrence  of  post-Pleistocene  lava  covering 
Recent  gravels  In  gorge  of  Mann  creek. 

This  lava,  of  which  two  10-foot  flows,  exposed  in  the  clifF  face,  are  separated  by 
10  feet  of  cinder,  covers  unconsolidated,  assorted  coarse  stream  gravel.  The  gorge 
itself  is  of  post-glacial  age. 

iGeol.  Surv.,  Can.,  Ann.  Rept,  vol.  VII,  N.S.,  1894,  pp.  283-291  B. 
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DEVELOPMENT  OF  NORTH  THOMPSON  VALLEY  AND  SUMMARY  OF 
THE  GEOLOGICAL  HISTORY 

The  following  inferences  are  based  on  the  field  facts  obtained  within  the  North 
Thoxni)8on  map-area  and  do  not  necessarily  apply  to  the  Interior  plateau  as  a  whole. 
The  country  mapped  is  entirely  within  the  drainage  basin  of  North  Thompson  river — 
it  is  indeed  confined  to  the  immediate  slopes  of  the  valley — and  some  rather  inter- 
esting facts  were  obtained  relating  to  the  physiographic  history  of  this  particular 
trench. 

Owing  to  the  absence  of  any  recognized  sediments  of  the  Mesozoic  era,  and 
possibly  of  the  Palaeozoic  era,  the  geological  history  of  this  area  in  pre-Tertiary  times 
is  difficult,  if  not  impossible,  to  decipher.  At  the  beginning  of  the  Tertiary  period, 
the  rocks  had  already  been  at  least  once  severely  faulted,  folded,  rendered  schistose, 
and  intruded  by  magmas  of  the  batholithic,  sill,  and  stock  types.  In  general,  the 
strike  of  these  pre-Tertiary  rocks  is  northwest,  indicating  a  control  by  the  forces 
which  developed  the  Cordilleran  structure. 

The  panorama  obtained  from  an  altitude  of  about  4,000  feet  reveals  two  main 
facts:  (1)  The  uplands  between  3,500  and  4,000  feet  show  a  gently  undulating  type 
of  topography  with  a  very  even  skyline.  This  continues  for  many  miles  in  all  direc- 
tions, and  presents  the  appearance  of  an  uplifted  peneplain.  Above  this  peneplain, 
there  are  several  isolated  i>eaks  and  ridges,  some  of  which  rise  to  altitudes  of  8,600 
feet  Examples  of  these  are  mount  Baldie  (7,500  feet),  Dunn  peaks  (8,600  feet), 
and  Poison  hill  (6,370  feet)  (Plate  III  A).  They  are  evidently  monadnocks.  (2) 
Commencing  3  to  5  miles  on  either  side  of  the  present  North  Thompson  river,  this 
peneplain  gently  slopes  towards  the  axis  of  the  valley.  If  the  pres^it  river  trench 
were  obliterated  these  two  opi>osite  upland  slopes  would  smoothly  curve  downwards 
and  would  unite  over  the  trench  at  a  height  of  perhaps  2,000  feet  above  the  bottom 
of  the  present  vaUey.  This  exceedingly  flat  northerly  trending  depression  in  the 
peneplain  is  believed  to  represent  the  late  Cretaceous  valley  of  the  ancestral  North 
Thompson  river.  Since  this  vaUey  is  preserved  in  a  state  of  physiographic  old  age, 
it  was,  probably,  the  course  of  the  old  North  Thompson  as  it  meandered  with  a  very 
low  gradient  over  the  peneplained  southern  interior  in  late  Cretaceous  time,  previous 
to  the  Laramide  revolution.  It  was  evidently  the  master  drainage  course  in  those 
times,  and  the  bottom  of  its  valley  was  the  lowest  i>oint  qf  that  late  Cretaceous  topo- 
graphy. The  depth  of  erosion  since  that  time  would,  therefore,  be  represented  by  about 
2,000  feet,  or  the  distance  between  the  bottoms  of  the  Cretaceous  and  present-day 
Ntorth  Thompson  vaDeys. 

It  is  interesting  to  note  that  the  present  North  Thompson  river  which,  as  already 
stated,  inherits  the  valley  of  its  ancestor,  in  many  places  crosses  the  prevailing 
Cordilleran  structure. 

The  sediments  of  the  Middle  or  Upper  Eocene  (Chu  Chua  formation)  are  con- 
fined to  the  lower  parts  of  the  present  valley.  They  are  found  below  the  present  water 
level  and  to  a  height  of  800  feet  above  it,  but  higher  parts  of  them  may  have  been 
removed  during  the  post-Eocene  or  post-Miocene  erosion  cycle.  The  evidence  is, 
therefore,  conclusive  that  the  depth  of  the  North  Thompsdn  trench  in  Middle  or  late 
Eocene  times  was  approximately  the  same  as  now.  Between  the  time  of  the  uplifting 
of  the  Cretaceous  peneplain  and  of  the  deposition  of  the  Chu  Chua  formation,  the 
North  Thompson  valley  was  eroded'  to  a  depth  of  probably  more  than  2,000  feet. 

The  Eocene  sediments  are  a  regularly  bedded  series  of  coarse  to  medium-grained 
fragmental  rocks,  in  which  the  arkose  and  greywacke  tyx)es  prevail.  These  indicate 
rapid  erosion  of  the  lands  from  which  they  were  derived.  The  occurrence  of  these 
Chu  Chua  beds  on  both  walls  of  the  present  trench  and  throughout  a  considerable 
distance  in  northerly  and  southerly  directions,  the  general  lack  of  crossbedding,  and 
the  presence  of  many  shale  horizons  suggest  that  they  are  of  lacustrine  origin.  The 
flooding  of  a  large,  youthful  valley  in  this  manner  accounts  for  the  character  of  tha 
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OKu  Ohna  basal  conglomerate,  which,  as  mentioned  above,  resembles  a  consolidated 
mass  of  tains  and  coarse  stream  gnravel,  such  as  was  inrobably  lying  in  the  lower  parts 
of  the  old  North  Thompson  at  the  time  of  the  formation  of  the  lake.  Repeated  fillings 
of  the  lake  basin,  at  several  stages  of  its  development,  by  fragmental  sediments,  and 
the  growth  of  luxuriant  and  somewhat  modem  vegetation  account  for  the  occurrence 
of  the  coal  seams. 

The  angular  discordance  which  is  evident  in  places  between  the  beds  of  the  Chu 
Chua  formation  and  the  overlying  Miocene  lavas  points  to  a  minor  disturbance 
probably  in  Oligocene  times.  The  Ohu  Chua  formation  seems  to  have  been  block- 
faulted  along  lines  parallel  to  the  general  trend  of  the  North  Thompson  trench.  The 
beds  in  the  various  blocks  dip  20  degrees  to  40  degrees  to  the  east 

Erosion  during  the  Oligocene  bevelled  the  upturned  edges  of  the  Chu  Chua 
sediments. 

During  the  Miocene  great  subaerial  flows  of  andesitic  lava  spread  over  the 
country.  Outside  the  boundaries  of  the  North  Thompson  Valley  sheet,  these  lava 
flows  buried  the  uplifted  peneplain;  within  the  North  Thompson  valley  they  capped 
the  Ohu  Ohua  sediments  to  a  .thickness  of  upwards  of  1,100  feet,  and  filled  the  river 
valley  from  side  to  side.  The  drainage  of  the  river  was  consequently  blocked  and 
locally  altered.  The  lavas  flooded  the  Clearwater  valley  to  the  north,  but  post-Miocene 
stream-cutting  has  removed  part  of  them  and  has  exposed  clilFs,  100  feet  high,  of 
highly  decomposed  and  bleached  granite.  These  exposures  afibrd  very  picturesque 
evidence  of  the  depth  and  character  of  early  Tertiary  weathering. 

Diastrophism — ^following  the  extrusion  of  the  Miocene  lava — ^raised,  tilted,  and 
faulted  the  flows  and  underlying  rocks  within  North  Thompson  valley.  The  ejects 
were  mostly  those  of  faulting  (Figure  17).  Dawson^  describes  the  occurrence  of 
tilted  lava  flows  on  parts  of  the  plateau. 

In'  Pliocene  times,  following  the  post-Miocene  diastrophism,  a  long  period  of 
erosion  ensued  until  the  upturned  edges  of  the  lava  flows  were  bevelled,  and  until 
the  river  had  re-cut  its  channel  down  into  the  Chu  Chua  sediments. 

The  Pleistocene  ice-cap  which  covered  this  part  of  British  Oolumbia  to  a  con- 
siderable depth  glaciated  and  grooved  the  rocky  hills  and  slopes  and  scoured  and 
deei>ened  the  valley. 

On  the  retreat  of  the  ice  great  quantities  of  loose  rock  were  supplied  to  the 
river,  which  spread  the  material  across  its  valley  in  a  great  valley  train.  Subsidence 
of  the  land  followed  and  great  thicknesses  of  white  silts  probably  of  marine  deposition 
covered  the  drift  and  glacio-fluvial  gravels  to  d^ths  of  several  hundred  feet 

Post-Pleistocene  emergence  rejuvenated  the  river  and  caused  it  to  re-cut  its 
channel  in  the  same  course,  leaving  the  glacio-fluvial  gravels  and  white  silts  as  terraces 
perched  on  the  valley  sides  at  heights  up  to  1,000  feet  above  the  bottom.  The  North 
Thompson  was  again  entrenched  to  a  depth  approximately  the  same  as  that  of  early 
Eocene  time. 

Lavas  of  unknown  extent  were  extruded  during  Eecent  time. 

GENERAL  STRUCTURE  OF  THE  BONAPARTE  LAKE-CHU  CHUA- 
,         ADAMS  LAKE  REGION 

A  sketch  showing  the  relation  of  the  geology  of  the  map-area  to  that  of  the 
adjoining  districts  to  the  east  end  west  is  shown  in  Figure  19.  On  it  the  following 
relations  are  illustrated: 

The  North  Thompson  map-area  and  the  North  Thomipson  trench  lie  between  two 
batholiths:  that  of  the  Darlington  granodiorite  and  its  associated  intrusives  to  the 
west,  and  that  of  the  Baldie  granite  to  the  east  The  difficulty  of  working  out  a 
correlation  of  the  North  Thompson  rocks  becomes  evident,  when  it  is  realized  that 
they  are  a  much  metamorphosed  part  of  the  bathoHthic  roof. 

1  BuU.  Om>1.  8oc.  Am.,  voL  12,  1901.  o.  81. 
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The  Baldie  gn^anite  of  this  map-area  is  seen  to  be  oontinuous  with  the  Shuawap 
granite  and  ortbogneiss  of  Adams  lake  which  Dawson  and  Daly  have  classeified  aa 
Archiean. 

Daly's  Tshinakin  limestone  continues  with  few  interruptions  as  a  very  notice- 
able white  ridge  from  the  northwest  shore  of  Adams  lake  to  North  BarriSre  river. 
Here  it  stops  abruptly,  as  shown.  His  Adams  Lake  greenstones  are  similarly  cut  off. 
The  northwest  shore  of  North  Barri^re  lake  consists  of  the  Barriire  fornfition. 

The  areal  connexion  of  the  Barri^re  formation  with  Daly's  Bastion  schists  of 
Skaam  bay  is  shown. 

The  position  of  the  Barriire  River  fault  zone  crossing  the  Cordilleran  trend  and 
truncating  the  Badger  Creek,  Fennell,  Barriere,  Tshinakin,  ^nd  Adams  Lake  forma- 
tions is  clearly  illustrated.     The  fault  zone  was  not  found  to  cut  the  batholith. 


ECONOMIC  GEOLOGY 

CX)AL 

Coal  has  been  known  for  a  great  many  years  to  occur  on  the  lands  of  the  Indian 
reservation  near  Chu  Chua.  The  exact  locality  of  the  occurrence  is  in  the  gorge  of 
Newhykulston  (Coal)  creek  three-quarters  of  a  mile  above  its  mouth.  The  exposures 
are  at  altitudes  of  1,400  to  1,500  feet  A  road  running  down  the  valley  for  1,200 
yards  to  a  siding  on  the  Canadian  National  railway  makes  the  coal  readily  accessible. 

Stratigraphy  and  Structure 

The  coal  measures  are  of  Middle  or  Upper  Eocene  age  as  determined  from  the 
flora  found  at  the  top  of  the  main  seams.  A  detailed  section  of  the  coal  measures 
is  given  below.  The  beds  strike  north  20  degrees  east  and  dip  23  degrees  to  25  degrees 
southeast  (Figure  20  A  and  B). 

Coal  Seams 

There  are  three  main  seams  which  are  referred  to  as  the  Gray,  the  Smith  (A 
and  B),  and  the  Thomas  (A  and  B)  seams.  Several  other  thin  seams  are  shown  on 
Figure  20  A  and  B  as  the  A,  B,  C,  D,  E,  F,  G,  H,  J  seams.  For  the  thickness  and 
physical  characters  of  the  minor  seams,  attention  is  directed  to  the  stratigraphical 
section. 

The  coal  is  usually  frozen  to  the  bands  of  sandstone  that  occur  within  the  main 
boundaries  of  the  seam,  but  it  breaks  free  from  the  capping  and  floor. 

The  capping  is  rigid,  and  requires  very  little  timbering. 

There  is  an  absence  of  fire-clay  at  the  base  of  the  coal  seams. 

The  seams  thin  and  thicken,  roll,  split,  and  unite  in  short  distances  laterally. 
Such  an  occurrence  makes  an  estimate  of  reserves  exceedingly  difficult  to  make. 

Thomas  Seam,  Until  the  end  of  the  summer  of  1921,  practically  all  the  develop- 
ment had  been  confined  to  this  horizon.  It  is  a  double  seam,  the  upper  part  being 
the  A,  and  the  lower  the  B.  In  the  outcrop  along  the  side  hill,  these  two  parts  of 
the  seam  are  separated  by  9  to  10  feet  of  arkosic  sandstone  and  arenaceous  shale.  At 
the  time  of  the  writer's  examination,  they  were  seen  to  be  not  more  than  3  feet  apart 
in  the  bottom  of  the  slope.  At  a  lower  level  they  may  unite  and  form  a  seam  4  to  5 
feet  thick. 
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FifiTure  20.  A.     Plan  showinfir  outcrops  of  coal  on  the  property  of  the  Chu  Chua  Coal  Company. 

B.     Representation  of  outcrops  of  coal  seams  in  a  vertical  plane  alon?  lines  XT- 

Y'Z.    Coal    seam    outcropping:  on    the    line    of   section    is    shown    in    solid 

line ;  coal  seams  on  north  side  of  line  are  shown  by  broken  line ;  and  coal 

seams  on  south  side  of  line  are  shown  by  dotted  line. 


The  two  parts  of  this  seam  vary  in  physical  character  and  thickness  within  very 
short  distances  along  the  beds.  The  following  sections  reveal  in  detail  the  nature  of 
the  seams: 

(1) 
Sandstone  roof 
It  inches  hard,  black,  Iu9h't>u8  coal  (strealc 

brown) 
1|    inches    sandy   shale 

1  Inch   hard,  luatroua  coal 
8  inches  ^rey  sandstone 
JO  iHchea  hard,  black,  luatroua  coal 

(streak  brown) 
81    inches  sandstone 
7   inchea  coal 

2  feet  sandstone  floor 
Total  coal:  30  inches. 

(3) 
Sandstone  roof 

SO  inchea  coal — Thomaa  A  aeam 
36  inches  sandstone 
SO  inchea  clean  coal — Thomaa  B  aeam 


(2) 
Sandstone    roof 

8  inchea  hard,  miuaive,  luatroua  coal 
2    inches  shale 
ii  inchea  coal 

1  inch   shale 
7 1  inchea  coal 

2  inches  sandy  shale 
5  inchea  coal 
Sandstone    (smooth   floor) 
Total  coal :  22  inches. 


(1)  Vertical  section  of  Thomas  B  seam  on  south  wall  at  the  bottom  of  main  slope. 

(2)  Vertical  section  of  Thomas  A  seam  on  north  face,  lower  level. 

<3)  Vertical  section  of  Thomas  A  and  B  seams,  20  feet  north  of  No.  1  chute,  lower  levet 
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Smith  Seam.    Thia  ia  ako  a  double  seam  and  Ib  exposed  in  a  short  slope, 
section  down  the  elope  is  given  in  Figure  21. 
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Cto/^te»l   Survmy .   ^f*»d0 


Figure  21.    Plan  of  anderground  worklxifs  of  Chu  Chiia  Coal  Company. 

The  detailed  stratigraphic  section  at  the  portal  of  this  slope  is  as  follows: 

Maasive  pebbly  sandstone  capping. 

IB  iinohea  to  tO  inoheB  hard,  tMnly  Zominaled,  fa4rly  clean  coal. 

20  inches  to  48  inches  hard,  massive  grey  sandstone. 

6  Inches  shale  with  coaly  partinga 

19  iinoheB  ooal  with  9hale  partings. 

Fissile  grey  (arenaceous)  shale  floor. 

Oray  Seam,  Thia  is  the  lowest  coal  so  far  discovered  in  the  measures.  It  was 
uncovered  at  the  time  of  the  stream  freshet  in  June»  Wil,  by  the  sapping  of  a  thidc 
mantle  of  glacial  drift.  At  the  suggestion  of  the  writer  a  small  excavation  was  made 
at  this  point  and  revealed  the  structure  and  relations  shown  in  Figure  92.  This 
outcrop  was  much  weathered  and  it  was  difficult  to  determine  how  much  dean  coal 
was  in  the  seam. 

Physical  CharcLctertstics  and  Grade  of  Coal.  The  coal  is  a  hard,  black,  lustrous, 
thinly  laminated  variety  with  a  dark  brown  streak.  It  is  very  friable  but  it  does 
not  readily  blacken  the  fingers.  The  seams  lack  the  perpendicular  prismatic  jointing 
so  characteristic  of  bituminous  coal,  but  possess  instead  the  thinly  laminated  structure 
found  in  lignites.  The  coal  weathers  rapidly  and  becomes  coated  with  a  yellowish- 
white  alteration  product.  It  bums  readily  with  a  long  yellow  flame,  and  it  is  said 
to  be  an  excellent  steam-producing  fuel. 
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Small  lenses,  blebs,  and  inegular-sbaped  masses  of  a  semi-transparent^  amber- 
yellow  material  ocoor  within  the  seams.  This  is  the  fossilized  form  of  some  of  the 
resins  of  the  coal-forming  trees.  As  a  result  of  the  biochemical  and  dynamoohemical 
changes  which  took  place  during  the  formation  of  the  coal,  the  woody  parts  of  the 
seam  were  much  carbonized  and  fractured,  whereas  the  resins  resisted  the  biochemical 
changes  to  the  last^    Being  plastic,  the  fossilized  resins  accommodated  themselves  by 


Figure  22.    Vertical  section  throuffh  slope  on  Gmith  seam,  Chu  Choa  Coal  CN)mpan7. 


Figure  23.    Vertical  section  parallel  to  dip  on  Gray  seam,  Chu  Chua  Coal  Company. 
lU.a  OeoL  Surv..  Prof.  Paper  86,  1914. 
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flow  to  the  shapes  of  the  fractures  in  the  ooal,  and  now  they  occur  in  cracks  and 
cavities  of  all  shapes;  and  in  places  they  present  the  appearance  of  having  replaced 
the  coal. 

Four  samples  of  coal  from  the  seams  were  submitted  to  the  Mines  Branch,  Ottawa, 
for  analysis.  The  samples  were  analysed  as  received  (R)  and  as  dried  at  106  degrees 
C.  (D).    The  results  are  given  herewith: 


(1) 

(2) 

R 

D 

R 

D 

Moisture 

Percent 

40 

240 

36. 1 

35-9 

099 

Per  cent 

Per  cent 

3-7 

373 

294 

296 

101 

Per  cent 

Aah 

250 
376 
374 
O.OQ 

38.8 

Volatile  matter 

30-5 

Fixed  carbon 

30-7 

Fuel  ratio 

1.01 

British  thermal  units 

Sample  made  poor  coke  in 

very  small  lumps 

10,290               10.700 

Sample  agglomerates 
8.230        1          S.550 

1 

(3) 

(4) 

R 

D 

R 

D 

Moisture 

Percent 

36 

138 

379 

44.7 

1.15 

Per  cent 

Per  cent 

40 

22. 1 

37.9 

360 

095 

Percent 

Ash 

143 
39.3 
464 
1.15 

230 

Volatile  matter 

39.5 

Fixed  carbon 

37-5 

Fuel  ratio 

0.95 

British  thermal  units 

Small  lump  fair  coke 
12,040               12  490 

Small  lump  poor  coke 
10,780                11.230 

(1)  Sample  represents  a  channel  of  15  inches  in  length  across  the  Smith  A  seam,  at  a  point 
SO  feet  down  the  slope  from  the  portal   (Figure  21). 

(2)  Sample  represents  a  channel  41  inches  in  length  across  the  Gray  seam.  It  includes  4 
inches  of  coal  shale,  8  to  10  inches  of  hard  lustrous  coal,  1  inch  of  clay,  followed  by  weathered 
soft,  shaly  coal  to  the  bottom. 

(3)  Selected  sample  of  the  best  grade  of  coal  from  the  upper  8 -inch  part  of  the  Thomas 
A  seam. 

(4)  Selected  sample  of  the  best  grade  of  coal  from  the  Thomas  B  seam. 

These  results  show  that  the  coal  should  he  classified  as  low  grade,  low  rank 
bituminous,  or  low  grade,  high  rank  sub-bituminous.^  The  fuel  ratio  is  that  of  a 
low  rank  bituminous  coal;  the  moieture  content  suggests  a  high  rank  bituminous; 
the  large  amount  of  ash  makes  it  a  low  grade  coal;  and  the  lack  of  prismatic  structure 
and  the  tendency  to  split  into  sheets  parallel  to  the  bedding  indicate  a  sub-bituminous 
coal. 

It  seems  probable  that  the  original  lignitic  coal  seams  of  this  district  were  raised 
to  sub-bituminous  rank  by  thermochemical  means;  the  heat  having  been  supplied  by 
Miocene  lavas  which,  it  is  believed,  formerly  covered  the  coal  measures.  These  lavas 
have  since  been  completely  removed  by  erosion. 

Development.  During  the  summer  of  19^1  development  was  confined  to  the 
Thomas  seams,  on  which  there  was  an  adit  125  feet  long,  with  workings  which  con- 
tinued down  the  slope  for  about  200  feet.  About  twenty-five  men  were  being  employed 
by  the  Chu  Chua  Coal  Company,  the  only  operators.  During  the  winter  of  1921-22 
underground  development  was  carried  out  on  the  Gray  seam.  A  short  slope  on  the 
Smith  seams,  driven  several  years  ago,  was  abandoned  (Figure  20  B). 

lU.S.  Oeol.  Surv..  Prof.  Paoer.  100-A.   1917.  p.   8. 
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Production,  Ihiring  September,  1921,  this  property  produced  from  one  to  two 
cars  of  coal  a  week.  Towards  the  end  of  the  year  the  Ohu  Chua  Coal  Company 
reported  a  production  of  about  40  tone  a  day. 

Extent  of  Basin.  As  stated  above  in  the  diecussion  of  the  Chu  Chua  formation, 
owing  to  lack  of  exposures  very  little  information  is  available  regarding  the  longi- 
tudinal extent  of  the  coal  measures.  They  may  extend  5  to  6  miles  in  a  north- 
south  direction  underneath  the  low  ridge  that  parallels  the  base  of  Chinook  mountains. 

Down  the  dip,  the  eeams  will,  of  course,  be  cut  off  where  they  overlap  the  surface 
of  the  Fennell  greenstones,  which  represent  the  old  shore-line  of  the  lake. 

In  the  detailed  stratigraphic  section  of  the  coal  measures  in  Newhykuleton  cre^ 
there  is  shown  an  interval  of  about  1,500  feet  between  the  Gray  seam  and  the  basal 
conglomerate.    In  this  interval,  other  seams  of  commercial  value  may  occur. 

The  most  important  point  to  be  determined  by  the  present  operations  is,  however, 
the  longitudinal  extent  of  the  basin  and  this  can  be  done  only  by  intelligent  drilling. 

Coal  may  also  be  found  in  other  parts  of  the  North  Thompson  or  tributary  valleys 
where  erosive  agencies  have  not  entirely  removed'  the  rocks  of  the  Chu  Chua 
formation. 

Section  of  Chu  Chua  Formation  on  NewhyJcuUton  Creek 


8€mth  Side  of  Creek — 

Ft. 

Black  carbonaceous  shale 

Coarse   grey   sandstone   with    black    shale    parting 5 

Co€U  shale ^ 

Crossbedded   shaly   sandstone 1 

Coarse  grey  sandstone 4 

Grey  shale 1 

Coarse  grey  sandstone,  massive 3 

Grey  shale  and  sandstone,  interbedded 3 

Hard,  massive,  flne>grained  grey  sandstone 2 

Grey  and  black  sandstone  and  shale  interbedded 9 

Black  carbonaceous  shale 

Grey  sandstone  with  shale  partingrs 1 

Grey  shale 

Black  carbonaceous  shale 

Coal,  fissile,  clean — ^J  seam 

Shaly  sandstone 

Black  carbonaceous  shale 

Massive  grey   sandstone 1 

Gap.. 200d 

North  Bide  of  Creek — 

Grey  sandy  shale,  weathers  blotched  white 8 

Fine-grained  grey  sandstone 2 

Grey,  sandy  shale 4 

Grey  shale,  with  sandstone  at  top.  and  6  inches  carbonaceous 

shale  at  bottom 2 

Grey  shale,  carbonaceous  at  base,  sandy  at  top 1 

Lioose  sandstone  with  6  inches  of  fine  conglomerate  in  centre . .  2 

Grey,  flaggy  shale,  weathers  blotched 

Massive,  fine-grained  grey  sandstone 1 

Fissile,  carbonaceous  shale 

Massive,   fine-grained  grey   sandstone 

Fissile  grey  shale 

Coal  and  shale^  interbedded 

Brownish-grey,    thinly   laminated,    fissile    shale,    fossil  if  erous 

Coal,  clean 

Coal  shale  with   1-inch  to  2-inch  seams  of  coal 

Coal,  clean 

Brown    carbonaceous    shale 

Coal  shale  with  2  inches  of  coal 

Grey,  friable,  thin-bedded  shale 10 

Coal  shale 

Coal 1 

Gap — Buried 20 

Coarse  sandstone  and  fine  pebble  conglomerate 10 

Grey  sandy  shale 

Fine  conglomerate 1 

Coarse  grey  sandstone 7 

Gap — buried 30 

Massive,  coarse  grey  sandstone -»    . .         lo 

S»t(.»— 7 
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Section  of  Chu  Chua  Formation  on  ^NewhyhuUton  Oreeh — Continued 


Wort*  8id€  of  OtmIp— 06n. 

Orey  fissile  shale 

Massive  frey  sandstone  bed       

Fissile  grey  shale 

Shaly  oodl,  weathered — O  seam 

Massive  grey  sandstone  ; 

Fissile  grey  shale 

Coal,  thinly  laminated,  weathered — ^F  seam , 

Hard,  fine-grained,  greenish  grey  clayey  sandstone. 

Fissile  carbonaceous  shale 

Orey  sandy  shale 

Hard,  massive  grey  sandstone 

Fine-grained   crossbedded   pebble   conglomerate . . 

Coarse,    grey,    crossbedded    sandstone 

Orey  fiaggy  shale 


Ft      In. 


South  Side  of  Creek — 

Black  carbonaceous  shale 

Orey  sandstone 

Orey  sandy  shale 

Coal  shale  )      D 

Coal,  thinly  laminated)  seam 

Orey,  massive  sandstone  with  6   inches  shaly  sandstone  at 
top 

Oap— Buried 

Cool  ^    C 

Coal  shale  (  seam 

Oap — Buried 

Shaly  coal — ^Upper  Smith  seam 

Sandy  shale 

Hard,  grey,  massive  sandstone 

Shaly  coal 

Coal,  brittle,   thinly   laminated  rusty  weathering    . .     . .  * . . 

Shaly  coal 

Orey  fissile  shide 

Hard,  buff,  massive  sandstone 

Orey  fissile  shale 

Buff  sandstone  with  sandy  shale 

Massive  grey  sandstone 

Black  carbonaceous*  shale 

Shaly  sandstone 

Coal  shale 

Orey  sandy  shale 

Carbonaceous  shale 

Coarse,  pebbly  grey  sandstone,   massive 

Orey  sandstone 

Conglomerate 

Black  carbonaceous  shale 

Oap— Buried 

Shaly  sandstone 

Shale 

North  Side  of  Creek — 

Coarse,  pebbly  grey  sandstone  with  three  interbeds  of  con- 
glomerate   

Oap— Buried 

Coarse,   pebbly   sandstone   with    few    black   and   grey    shale 

partings 

Orey  sandy  shale . . 

Coal 

Carbonaceous   shale . .     . .  V  A-seam . 

Coal 

Buff  sandy  shale. .    . 

Oap— Buried 

Massive  grey  sandstone,  coarse  to  fine 

Orey  sandstone  with  thin  beds  of  conglomerate. 

Oap— Burled 

South  Side  of  Creek — 

Coal — Grey  seam 3  9 

Gap — Buried 1,500± 

Basal  conglomerate 150-h 

Baae  unexposed. 
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gold:  lode  deposits 
Oold  HiU 

The  Oold  Hill  and  Gold  Hill  Fraction  are  located  on  the  90uthem  and  south- 
eastern slopes  of  Gold  Hill  ridge.  The  chief  mineralized  zone,  which  is  described 
bdowy  occurs  at  altitudes  varying  from  2,720  feet  to  3,425  feet  It  is  reached  by  a 
trail  about  li  miles  long  which  leaves  the  main  road  three-quarters  of  a  mile  south 
of  the  south  end  of  Dunn  lake.  The  nearest  railway  station  is  Ohu  Ohua,  5  miles 
from  the  lower  end  of  the  trail. 

The  property  is  recorded  in  the  names  of  George  Fennell  and  Henry  Skoney, 
of  Chu  Chua. 

The  country  rock  is  the  greenstone  pillow  lava  of  the  Fennell  formation.  This 
rock  is  traversed  in  a  general  east-west  direction  by  shear  zones  which  have  been 
altered  to  cream  and  buff-coloured  masses  of  siliceous  ferrodolomite,  through  which 
ramify  veinlets  and  irregular  masses  of  white  quartz.  In  many  cases  the  quartz  is 
broken  and  the  fragments  are  cemented  by  f errodolomite.  The  contacts  between  the 
ferrodolomite  and  greenstone  are,  as  a  rule,  transitionaL  The  width  of  the  main 
ferrodolomite  zone  varies  up  to  20  feet.  The  quartz  stringers  carry  appreciable 
amounts  of  fine  and  medium-grained  galena,  associated  with  less  amounts  of  chalco- 
pyrite,  pyrite,  and  sphalerite.  Free  gold  occurs  scattered  through  these  veinlets, 
and  seems  to  be  associated  with  the  galena.  Individual  grains  of  gold  were  seen  as 
large  as  pin  heads  and  a  few  the  size  of  small  peas.  Much  invisiblo  gold  is  scattered 
through  the  quartz  and  also  in  the  ferrodolomite.  Small  pieces  of  rusty  quartz  when 
panned  produce  a  very  decided  yellow  streak,  due  to  fine  particles  of  gold.  The 
quartz  is  rather  intimately  impregnated  with  small  grains,  and  traversed  by  tiny  vein- 
lets  of  ankerite.  The  easy  cleavage  of  this  mineral  makes  the  quartz  very  friable,  end 
produces  by  its  oxidation  a  bufE  to  brown  colour  in  the  zone.  Limonite  ie  abundant 
as  an  oxidation  product  of  the  ankerite,  and  malachite  and  azurite  as  alteration 
products  of  the  chalcopyrite. 

Very  little  work  has  been  done  to  determine  the  extent  and  value  of  the  ferro- 
dolomite zone.  At  least  eight  trenches  and  shallow  open-cuts  intersect  the  mineralized 
zone,  and  these  are  spaced  through  an  horizontal  length  of  at  least  1,500  feet  It  is 
not  certain  that  the  mineralization  extends  for  this  distance  or  that  the  ferrodolomite 
zone  is  continuous,  but  the  evidence  suggests  that  this  is  the  case. 

These  ferrodolomite  zones  have  irregular  transitional  contacts  with  the  green- 
stone, and  the  evidence  points  to  a  replacement  of  the  greenstone  along  broken  or 
shear  zones.  The  origin  of  the  carbonate  minerals  is  uncertain.  Some  of  the  material 
may  be  derived  from  the  alteration  of  the  f erromagnesian  minerals  of  the  orig^al 
lavas  by  hydrothermal  processes.  The  source  of  the  heat,  and  perhaps  of  some  of  the 
solutions,  may  have  been  the  Baldie  granite  intrusive  which  outcrops  about  2  miles 
to  the  east,  but  which  may  underlie  the  Fennell  formation  of  Gold  Hill  at  a  relatively 
shallow  depth. 

No  systematic  sampling  has  been  done  to  determine  the  values,  but  the  presence 
of  free  gold  scattered  over  such  a  length  of  deposit  suggests  that  the  zone  might 
warrant  careful  investigation. 

Wind  Pass 

This  property  is  located  on  the  plateau,  2  miles  southwest  of  the  crest  of  mount 
Baldie,  at  about  6,300  feet.  It  is  now  reached  by  a  zigzag  pack  trail  which  leaves 
the  main  road  near  the  south  end  of  Dunn  lake.  The  property  is  recorded  in  the  names 
of  Oscar  Hargen,  Olie  Johnson,  and  Thos.  Campbell. 

The  country  rock  of  the  vein  is  the  upper  micropegmatite  facies  of  the  micro- 

p^^atite-pyroxenke  sill  which  trends  in  a  north-south  direction  just  east  of  the 

boundary  of  the  Fennell  formation.     The  deposit  consists  of  a  quartz  vein  with  a 

general  east-west  strike  and  a  northerly  dip  varying  from  35  degrees  to  80  degrees. 

S9850— 7} 
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The  walls  are  definite  and  reiatively  smooth.  The  vein  is  offset  in  at  least  two  places 
by  crossfanlta  of  small  displacement  It  varies  in  width  from  a  few  inches  np  to  36 
inches,  and  averages  probably  15  to  18  inches.  It  is  characterized  by  pinches  and 
swells  both  vertically  and  horizontally. 

The  west  end  of  the  vein  consists  of  a  highly  fractured  quartz  filling^  in  which 
there  are  scattered  minor  amounts  of  chalcopyrite  and  pyrite.  Orains  of  native 
bismuth,  occur  here  and  there  through  the  quartz,  and  almost  any  of  the  vein  stuff 
pans  fine  gold.  In  some  of  the  oxidized  and  broken  material  from  the  sides  of  the 
vein,  leaves  of  native  copper  occur  binding  the  f ragmentis  together. 

The  eastern  half  of  the  vein  differs  considerably  in  mineralogy  and  structure. 
It  is  much  less  quartzose  and  much  less  regular  than  the  western  part,  and  consists 
largely  of  discontinuous  lenses  of  the  solid  bluish  lodestone  variety  of  magnetite, 
which  is  eoated  with  limonite  along  all  its  fractures.  Free  gold  may  also  be  panned 
from  this  lodestona 

The  intermediate  part  of  the  vein  shows  a  gradation  between  these  two  types. 

The  vein  has  been  followed  by  stripping,  trenching,  and  open-cutting  for  about  200 
feet.  At  its  west  end  the  vein  enters  a  thin-bedded  chert  zone  of  the  Fennell  formation 
and  becomes  barren.  At  the  east  end  it  spreads  into  a  number  of  lenticular  lodestone 
masses.  Deeper  exploration  may  prove  it  to  be  continuous.  At  the  bottom  of  the 
deepest  pit  on  the  vein — 27  feet  measured  on  a  dip  of  36  degrees — the  vein  is  86 
inches  wide. 

The  mineralization  took  place,  probably,  under  deep-seated  conditions,  and  was  the 
result  of  contributions  from  the  Baldie  granite  which  outcrops  H  miles  to  the  east.  As 
the  contact  of  the  Baldie  batholith  plunges  westerly  it  may  not  be  very  deep  below  the 
Wind  Pass  outcrop. 

No  systematic  sampling  was  done  by  the  writer,  but  the  owners  report  as  follows: 

(o)  Assays  of  solid  lodestone  showed  values  in  gold  of  $81  and  $232  per  ton. 
(»)  A  16-inoh  channel  sample  in  one  of  the  pits  across  solid  lodestone  assayed  $67  per 
ton  in  gold. 

(c)  In  1916,  81 1  tons  of  mineral  were  shipped  to  Trail,  from  which  the  following  assay 

was  reported:  2-48  ozs.  of  gold,  0-9  oz.  of  silver,  and  1|  per  cent  of  copper. 

(d)  In  1917.  291  tons  were  shipped  to  Trail,  from  which  the  folowlng  return  was  obtained: 

2.14  OSS.  of  gold,  1.6  OSS.  of  silver,  and  I  per  cent  of  copper. 

Sweet  Home 

This  vein  occurs  at  an  altitude  of  5,000  feet  and  is  located  about  600  yards  south  of 
the  Wind  Pass.  It  is  reached  by  a  trail  running  south  from  the  main  Wind  Pass  trail. 
The  property  is  controlled  by  the  owners  of  the  Wind  Pass. 

A  quartz  vein  8  to  15  inches  iwide  crosses  the  contact  of  the  micropegmatite 
pyroxenite  sill  and  the  banded  ohert  of  the  Fennell  formation.  The  strike  varies  from 
north  60  degrees  west  to  due  east,  and  the  dip  from  30  degrees  to  40  degrees  north. 
The  vein,  towards  its  eastern  exposures,  seems  to  become  dissipated  in  the  micropeg- 
matite. 

The  vein  is  impregnated  with  pyrite,  trivial  amounts  of  chalcopyrite,  small  grains 
and  minute  specks  of  gold,  and  a  few  grains  of  native  bismuth.  It  has  been  exposed' 
by  trenching  and  op«i-cutting  for  a  distance  of  400  feet,  and  the  deepest  pit  is  about 
10  feet.  No  assay  results  are  available  to  indicate  the  value  of  this  lode.  The  vein 
is  email,  and  the  gold  values  would  have  to  be  high  to  make  it  worth  mining. 

The  Sweet  Home  deposit  is  believed  to  have  an  origin  similar  to  that  of  Wind 
Pass  vein. 

AlUes 

This  prospect  is  on  the  west  side  of  the  river,  half  a  mile  west  of  the  main  road 
and  2  miles  north  of  Chinook  Gove.  A  wagon  road  from  the  highway  leads  almost  to 
the  property.  The  altitude  is  2,000  feet  above  sea-level  or  760  feet  above  river  leveL 
The  two  claims  are  recorded  in  the  name  of  Maria  d'Yongh  Smith. 
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The  deposit  occurs  in  rocks  of  the  Badger  Creek  formation.  A  series  of  thin^bedded 
rusty  weathering  quartzites,  striking  north  50  degrees  west  and  di^pping  35  degrees 
southwest,  is  injected  concordantly  with  a  number  of  bufE-coloured  brownish-weather- 
ing sills,  varying  in  thickness  up  to  10  feet.  The  larger  sills  carry  rectangular-shaped 
phenocrysts  of  an  undetermined  feldspar  in  a  dense  buff  groundmass.  The  narrower 
sills  resemble  felsite,  and  are  markedly  banded  parallel  to  their  contacts.  These 
intrusives  are  impregnated  with  large  numbers  of  cubo-pyritohedrons  of  pyrite.  A 
series  of  at  least  three  white  quartz  veins  with  crush  zones  filled  with  dolomite  or 
ankerite  cement,  strike  parallel  with  the  stratification  of  the  quartzites.  They  mostly 
occur  immediately  adjacent  to  the  sills.  The  country  rock  close  to  its  contact  with 
the  veins  contains  serpentine  and  dolomite,  and  has  a  decided  greenish  tinge. 

Small  amounts  of  pyrite,  galena,  and  chalcopyrite  are  diBseminated  through  the 
quartz  veins.  Systematic  sampling  of  these  veins  was  not  done  by  the  writer,  but  the 
owner  reiports  attractive  assay  results. 

Glacial  drift  and  forest  obscure  the  veins,  which  are  exposed  only  in  a  few  trenches, 
the  deepest  of  which  is  8  feet.  At  the  bottom  of  this  pit»  a  strike  fault  outs  off  the  quarts 
vein.  The  mineralization  seems  to  be  due  to  contributions  from  the  sills.  This 
inference,  however,  is  based  on  areal  relations  only.  The  age  and  parent  magma  of  the 
sills  could  not  be  determined  on  account  of  lack  of  exposures. 

Homesidke 

This  prospect  is  located  on  the  north*  slope  of  the  valley  of  Jamieson  creek,  2 
miles  west  of  the  river  road.  It  does  not  occur  on  the  North  Thomi>son  Valley  geo- 
logical sheet,  but  a  special  trip  was  made  to  examine  it.  It  was  under  bond  to  J.  T. 
Robinson  and  associates,  of  Kamloops.  The  outcrops  are  found  at  altitudes  of  2,500 
to  2,600  feet  in  a  rolling  park-like  country  sparsely  clothed  with  jackpine.  A  serious 
handicap  is  the  laok  of  water  nearer  than  Jamieson  creek. 

Dawson  examined  this  property  in  1888,  and  briefly  describes  the  local  geology 
and  the  veins.  He  reports  assays  from  0-583  ounce  of  gold  and  2-525  ounces  of  silver 
to  1-108  ounces  of  gold  and  34*243  ounces  of  silver.^ 

On  the  property,  brownish-weathering,  highly  fractured  porphyritic  quartz 
monzonite  cuts  biotite  schist  and  argillite  of  the  Cache  Creek  group.  White  quartz 
veins,  and  branching  stringers  occur  along  joint  planes  and  prominent  fractures  in  the 
intrusive  rock.  These  are  mineralized  with  scattered  grains  of  pyrite,  galena,  arseno- 
pyrite,  and  sphalerite.  In  certain  cases  there  is  a  concentration  of  these  minerals 
near  the  foot-wall.  Five  veins  have  been  opened  up  by  means  of  shallow  pits  and  a 
shaft  75  feet  deep.  The  veins  strike  north  15  degrees  to  30  degrees  west  and  dip 
from  90  degrees  to  60  degrees  west.  They  vary  in  thickness  from  6  inches  to  16  feet, 
but  their  longitudinal  extent  could  not  be  determined.  The  shaft — on  the  laigest  vein 
— follows  the  hanging-wall  down  to  75  feet,  at  which  depth  the  quartz  appears  to  be 
barren.  The  writer  suggested  that  a  crosscut  be  driven  15  feet  southwest  into  the  foot- 
wall,  and  that  this  crosscut  be  carefully  sampled.  The  veins  seem  to  be  genetically 
associated  with  the  intrusive  and  to  have  been  dependent  upon  it  for  the  supply  of 
their  metalliferous  contents. 

gold:  placer 

Louis  Creeh 

Small  amoimts  of  placer  gold  have  been  obtained  from  lower  Louis  creek.^  No. 
exploration  of  the  gravels  has  been  carried  out  that  warrants  the  statement  that  pay 
dirt  might  be  encountered  in  appreciable  quantity.    During  1921,  W.  J.  Smith,  of 

1  GeoL  Surv.,  Can.,  Sum.  Rept.,  1888,  p.  337  B. 

GeoL  Surv..  Can.,  Ann.  Rept..  vol.  VII  (N.S.).  1894,  p.  387  B. 

GeoL  Surv.,  Can.,  Ann.  Slept,  voL  IV  (SB,),   1891,  p.  60  R. 
*€(eoL  eurv..  Can..  Rept.  of  Prog.,  1877-78,  p.  155  B. 
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Louis  creek,  and  five  men,  were  engaged  in  diverting  the  creek  to  a  new  channel,  so  as 
to  sluice  the  gravel  of  the  present  bed.  Small  amounts  of  gold  were  recovered  from  the 
gravel  excavated  from  the  diverting  ditch.  The  gold  was  probably  originally  derived 
from  the  disintegration  of  quartz  veinlets  in  some  of  the  schists  of  the  Shu£rwap 
region. 

ThreemUe  Creek 

During  the  season,  M.  B.  Roper  and  four  or  five  men  were  exploring  the  gravels 
of  Threemile  creek,  a  tributary  of  Lemieux  creek,  a  short  distance  north  of  Mount 
Olia  A  shaft  sunk  45  feet  through  the  river  gravel  to  reach  bedrock,  encountered 
a  flow  of  water  that  seriously  handicapped  the  work. 

The  upi)er  6  or  6  feet  of  the  gravel  is  very  coarse,  and  is  reported  to  carry  values 
up  to  $1  per  cubic  yard.  It  is  underlain  by  lighter,  better  assorted  gravel  which 
carried  much  lower  values.  It  seems  probable  that  the  lower,  lighter  gravel  is  a  part 
of  the  valley  fill  of  the  larger  Lemieux  creek,  and  that  the  top  heavy  gravel  is  a  deposit 
from  the  rapidly  flowing  Threemile  tributary. 

Above  the  shaft  the  stream  emerges  from  a  gorge  cut  through  a  heavy  deposit  of 
roughly  stratified  boulder  conglomerate  of  the  Ohu  Ohua  formation.  The  gold  in  the 
top  gravels  seems  to  be  a  concentration  from  the  breaking  down  of  this  conglomerate. 
Small  flakes  and  minute  grains  of  gold  can  be  readily  obtained  by  panning  the  surface 
gravels  in  the  locality  of  the  shaft. 

SILVER-LEAD-ZINO 

Queen  Bess  Mine 

The  Queen  Bees  mine  is  located  on  the  steep  eastern  slope  of  the  North  Thompson 
vall^  about  600  yards  east  and  720  feet  above  Auldgirth  (Blackpool)  station  on  the 
Canadian  National  railway  and  is  outside  the  map-area.  A  chute  connects  the  main 
workings  with  the  mill  which  is  built  at  the  foot  of  the  slope,  and  on  a  level  with  the 
railway  track.  The  property  is  now  under  the  management  of  O.  A.  Thomas,  con- 
sulting engineer,  of  Seattle. 

The  country  rock  consists  of  the  greenish  pillow  lavas  of  the  Fennell  formation. 
These  are  traversed  by  east-west  buff-coloured  shear  zones,  locally  called  dykes,  highly 
charged  with  ankerite  and  dolomite.  These  zones  are  of  irregular  width,  and  show 
transitional  contacts  with  the  greenstone.  The  pillow  structure  of  the  lava  is  exceed- 
ingly well  exemplified  near  the  face  of  the  crosscut  tunnel,  where  the  oval-shaped 
piUows  are  completely  altered  to  buff  ferrodolomite,  whereas  the  matrix  of  the  pillows 
is  still  green.  Much  of  the  ferrodolomite  is  decomposed  to  an  iron-stained  clay  difficult 
to  handle. 

Two  main  veins,  the  Cameron  and  Bigelow,  occur  on  levels  Nos.  2  and  3.  The 
Cameron  strikes  north  45  degrees  to  50  degrees  east  and  dips  50  degrees  to  70  degrees 
northwest.  The  Bigelow,  130  feet  to  200  feet  southeast  of  the  Cameron,  strikes  north 
20  degrees  to  30  degrees  east  and  dips  from  80  degrees  northwest  to  vertical.  The 
veins  have  in  most  cases  definite  walls.  The  fissures  in  which  the  vein  material 
occurs  maintain  a  fairly  tmiform  trend  in  the  imaltered  greenstone,  but  where  they 
enter  the  shear  zone  of  ankeritic  greenstone  or  ferrodolomite,  they  break  up  into  a 
network  of  branching  fractures.  The  veins  vary  in  width  from  1  inch  to  5  feet,  but 
average  probably  not  over  12  to  15  inches.  Where  they  traverse  the  greenstone,  they 
are  as  a  rule  bordered  by  2  to  6  inches  of  hard,  buff-coloured  rock  of  similar  origin  to 
the  main  zones  of  ferrodolomite. 

Tabular  to  lenticular  masses  of  nearly  solid  sphalerite  and  galena  occur  within 
the  veins.  The  sphalerite  is  a  beautiful  coarse-grained  resin  variety  mixed  with  a 
much  smaller  amount  of  fine-  to  medium-grained  galena.  Minor  amounts  of  tetra- 
hedrite  occur.  Lean  parts  of  the  veins  contained  disseminated  particles  of  the 
sulphides  in  a  quartz  and  quartz-dolomite  gangue.    In  one  stope  a  tabular  mass  of 
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solid  sulphides,  up  to  88  inches  in  thickness,  was  encountered.  Minor  amounts  of 
these  sulphides  occur  disseminated  through  the  larger  ferrodolomite  masses  near  the 
positions  of  some  of  the  yein  fissures. 

In  the  upper  workings,  sereral  well-mineralised  veins  contain  chiefly  the  oxidized 
minerals  of  sine,  lead,  and  copper.  Cerargyrite  is  reported  from  these  workings,  but 
the  writer  did  not  recognize  any  in  the  field.  No  recent  development  has  been  car- 
ried on  above  level  No.  2,  so  that  little  can  be  said  regarding  these  oxidized  zones. 

The  material  mined  as  ore  is  said  to  average  about  6  per  cent  of  lead  and  6 
ounces  of  silver  per  ton.  The  first  mill  run  of  approximately  720  tons  is  reported 
to  have  given  the  following  concentrates: 

27  tons  of  lead  concentrates  assay Ine:  40  to  50%  Fb»  12%  Zn,  and  48  ozs.  Ag  per  ton. 

and 
78  tons  of  sine  concentrates  assaying  48%  Zn»  7  to  8%  Pb.  and  14  ess.  Ag.  per  ton. 

The  Queen  Bess  is  primarily  a  zinc  blende  deposit. 

The  only  suggestion  that  can  at  present  be  offered  regarding  the  origin  of  the 
veins  is  that  they  are  genetically  related  to  bodies  of  intrusive  rock  which  cut  the 
Fennell  formation  to  the  east.  This  occurrence  is  similar  to  that  at  the  Qold  Hill 
prospect. 

The  veins  have  been  explored  on  three  levels.  The  lower  or  No.  8  level,  720  feet 
above  the  railway,  is  600  feet  long,  and  enters  the  hill  in  an  easterly  direction.  At 
180  feet  it  cuts  the  Cameron  vein  which  has  been  followed  for  about  80  feet  on 
either  side  of  the  crosscut  From  the  southwest  drift,  a  winze  was  sunk  100  feet  on 
the  vein,  and  at  the  50-foot  level  in  this  winze  an  intermediate  level  was  driven  on 
the  vein  and  the  ore  was  stoped.  The  Bigelow  vein,  which  the  crosscut  intersects  at 
300  feet,  was  drifted  on  for  about  100  feet,  beyond  which  the  vein  becomes  a  mere 
fissure  or  else  anastomoses.  Considerable  stoping  has  been  done  on  each  of  these 
veins. 

No.  2  level  is  800  feet  above  No.  8.  The  Bigelow  vein  on  this  level  has  been 
drifted  on  for  over  100  feet,  and  a  small  amount  of  stoping  has  been  done.  The 
minerals  are  both  sulphides  and  carbonates. 

The  mine  has  been  closed  since  July,  1920. 

Homestake  Mine 

The  following  notes  have  been  contributed  by  C.  O.  Swanson,  who  made  a  special 
study  of  this  property: 

The  Homestake  mine  is  situated  on  the  northern  elope  of  the  Sinmax  Creek 
valley,  about  8  miles  west  of  Skaam  bay,  Adams  lake  (Figure  19).  The  main  adit 
is  in  the  rocky  gully  of  a  small  stream  emptying  into  Sinmax  creek  from  the  north, 
and  is  about  80O  feet  above  the  bottom  of  the  creek.  A  wagon-road  runs  from  Louis 
cre^  to  Skaam  bay  and  passes  within  a  mile  of  the  workings. 

The  deposit  occurs  in  the  Bastion  schist  (of  Daly),  which  is  part  of  the  Barri^re 
formation  of  this  report.  Near  the  mine  the  country  rock  ie  a  quartz-sericite  schist, 
impregnated  with  pyrite,  which  on  oxidation  gives  the  rock  a  decidedly  yellow  colour. 
The  planes  of  schistosity,  which  are  parallel  to  the  original  bedding,  strike  north 
60  degrees  west  and  dip  2&  degrees  to  40  degrees  northeast.  A  high  degree  of  fissility 
characterizes  the  schist,  producing  the  appearance  of  a  phyllite.  The  disintegration 
and  creep  of  the  schist,  combined  with  the  oxidation  of  the  pyrite,  account  for  the 
large  talus  slopes  of  yellowish  platy  fragments. 

In  the  schist  are  intercalated  two  tabular  bodies  of  fine-grained  barite.  The 
upper  body  is  IS  feet  thick  at  the  outcrop,  and  the  lower  one  9  feet.  They  are  sepa- 
rated by  160  feet  of  schist  containing  some  barite.  The  lower  deposit  has  been  traced 
along  the  strike  for  80  feet. 

The  barite  is  greyish-white  and  has  a  marked  thinly-laminated  structure  parallel 
to  the  planes  of  cleavage  of  the  schifit.  It  does  not  cleave  rdadily,  however,  along 
these  bands.    The  analysis  of  an  average  specimen  from  the  barite  zone  shows  the 
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presence  of  85  per  cent  barite,  5  per  cent  silica  find  alumina,  8  per  cent  metallic 
minerals  (galena,  sphalerite,  pyrite,  tetrahedrite,  and  cbalcopyrite),  and  2  per  cent 
undetermined  material. 

In  close  association  with  the  barite  zone  and  cutting  it  in  places  are  many 
narrow  quartz  veins,  which  are  ueually  barren,  but  which  here  and  there  contain 
barite,  galena,  and  pyrite. 

At  first  glance  the  barite  appeans  to  be  syngenetic  with  the  schist.  But  a 
detailed  examination  of  the  field  relations  and  a  study  of  many  thin  sections  and 
polished  surfaces  shows  that  both  the  barite  and  the  metallic  minerals  are  a  r^lace* 
ment  of  the  schist    Some  of  the  features  leading  to  this  conclusion  are  as  follows : 

The  deposits  occur  in  a  more  or  less  vertical  zone  characterized  by  the  presence 
of  barite,  which  does  not  appear  elsewhere  in  the  country  rock  to  any  extent. 

Pyrite  is  clearly  a  replacement  of  the  schist,  and  where  pyrite  and  barite  occur 
together,  they  appear  to  be  of  simultaneous  origin. 

The  presence  of  galena  and  tetrahedrite,  both  high  in  silver,  suggests  that  they 
were  deposited  by  ascending  solutions. 

There  is  no  evidence  to  show  that  the  barite  had  a  different  origin  from  the 
metallic  minerals.  It  occurs  with  them  in  quartz  veins,  and  the  fabric  of  the  ore 
does  not  show  the  metallic  minerals  distinctly  replacing  the  barite,  as,  for  instance, 
the  pyrite  replaces  the  schist. 

For  these  reasons  amongst  others,  the  origin  of  the  deposits  is  held  to  be  hypo- 
gene.  The  source  of  the  solutions  which  contributed  the  barite  and  the  metallic 
minerals  is  doubtful,  as  no  intrusives  outcrop  near  the  mine.  However,  certain 
structural  relations  suggest  the  possibility  of  a  body  of  younger  granite  underlying 
the  district. 

In  1898-94  twenty  tons  of  ore  averaging  80  ounces  in  silver  were  shipped  from 
the  property.  Most  of  the  development  was  done  about  1W7.  A  crosscut  intersects 
the  lower  barite  body  170  feet  from  the  mouth,  and  from  it  drifts  were  run  each 
way.  The  western  opening  met  a  fault  beyond  which  the  ore  was  lost.  From  the 
eastern  drift  a  raise  was  driven  in  barite  to  the  surface.  A  short  drift  running  west 
from  a  point  40  feet  up  this  raise  encountered  a  fault,  probably  the  same  as  the  one 
mentioned  above. 

According  to  the  statement  made  by  K.  W.  Thompson,  in  the  Annual  Report 
of  the  Minister  of  Mines  for  British  Columbia,  for  19(1/7,  the  general  average  of  the 
ore  in  sight  is:  silver  9 '76  ounces  per  ton,  copper  0-22  per  cent,  and  gold  0*02  ounce 
per  ton.  Assays  of  ore  specimens  and  mineralogical  determination  of  the  constituent 
minerals  show  that  the  silver  is  mostly  contained  in  the  tetrahedrite. 

MISCELLANEOUS   MINING  CLAIMS 

Fortuna 

The  Fortuna  property  is  located  at  Blucher  Hall  in  the  southwest  corner  of  the 
map-area.  The  lower  workings  are  a  few  feet  above  the  level  of  the  road.  The 
nearest  railway  siding  is  at  Louis  -Creek,  8  miles  distant  along  a  good  wagon  road. 
Mr.  W.  J.  'Smith,  of  Louis  Creek,  is  part  owner,  and  local  nepresentative  of  the 
company. 

The  country  rocks  belong  to  the  Barriere  formation  and  consist  of  argillaceous 
schist,  with  greyish  streaks  and  fragments,  and  lenticular  masses  of  quartz;  massive 
white  quartzite  impregnated  with  pyrite;  sericite  schist;  schistose  quartzite;  and  a 
zone  of  greyish,  medium-grained  dolomite.  These  sediments  strike  about  north  80 
degrees  west  and  dip  45  degrees  to  56  degrees  north. 

A  12-foot  bed  of  medium-grained  grey  dolomite  lying  between  quartzite  walls 
'«  impregnated  with  coarse-grained  cubical  pyrite.    About  one-half  of  the  dolomite 

Tolume  has  been  replaced  by  the  pyrite.     Traces  of  copper  mineralization  ar<» 
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present,  and  minor  amounts  of  galena.  Some  quartz  stringers  ako  carry  small 
quantities  of  galena.  W.  J.  Smith  reports  the  presence  of  pyrrhotite  and  arseno- 
pyrite,  but  none  wa6  reoogrnized  by  the  writer. 

W.  J.  Smith  states  that  analyses  of  parts  of  the  pyritized  zone  showed  platinum  up 
to  0-2  ounce  a  ton  and  $2  a  ton  in  gold.  Shipments  of  this  material  hare  been  made 
from  time  to  time  to  Pittsburgh,  Pa. 

The  character  and  mineralogy  of  the  deposit  do  not  in  the  least  suggest  the 
presence  of  platinum.  In  order  to  determine  this  point,  a  few  picked  samples,  taken 
onder  Mr.  Smith's  supervision,  were  submitted  to  the  Mines  Branch,  Ottawa,  for  assay, 
but  not  one  of  them  gave  even  a  trace  of  platinum  or  silver,  nor  more  than  a  trace 
of  gold. 

The  trivial  amount  of  gold  and  the  entire  absence  of  arsenic  seem  to  confirm 
the  absence  of  platinum. 

Development  consists  of  two  crosscut  tunnels,  a  lower  one  (255  feet  long)  at  an 
altitude  of  2,005  feet;  and  an  upper  one  500  feet  long  at  an  altitude  of  2,115  feet 
The  upper  one  cuts  the  pyritic  zone  at  420  feet  from  the  portal.  Some  open-cutting 
has  been  done  along  the  outcrop  at  an  altitude  of  2,850  feet 

Skoohum  Claim 

This  is  a  small  prospect  with  workings  between  altitudes  of  3,300  and  3,365  feet, 
located  half  a  mile  north  of  the  Fortuna.  An  open-cut  with  a  7-foot  pit  has  been 
excavated  at  the  higher  location  and  a  crosscut  tunnel  143  feet  lon^  goes  into  the 
hill  at  the  lower  elevation,  but  does  not  reach  the  zone  of  mineralization. 

The  deposit  consists  of  a  3-foot  zone  in  the  Barri^re  quartzites  impregnated  with 
pyrite  and  some  chaloopyrite.  The  width  of  the  mineralization  varies  from  20  to  36 
inches  at  the  outcrop,  and  there  is  reported  to  be  15  inches  of  solid  pyrite  in  the 
bottom  of  the  pit.  The  strike  is  north  80  degrees  west  and  the  dip  30  degrees  north. 
Stripping  and  trenching  at  different  points  farther  east  suggest  that  this  zone  might 
have  a  considerable  longitudinal  extent. 

The  average  value  across  a  mineable  width  would  probably  be  below  commercial 
grade. 

The  property  is  recorded  in  the  name  of  W.  J.  Smith  of  Louis  Creek. 

M<mn  Creek 

A  small  prospect  was  being  explored  by  Alfred  Mann,  of  Auldgirth  (Blackpool), 
on  the  south  bank  of  Mann  creek  about  1^  miles  from  its  mouth. 

Some  stripping  and  shallow  open-cutting  show  a  black  graphitic  schist  associated 
with  the  Fennell  greenstones  and  abundantly  stained  with  blotches  and  traversed  by 
filaments  of  azurite  and  malachite.  A  barren-looking  quartz  vein  cuts  through  the 
formation  at  this  locality.  No  sulphide  minerals  were  seen,  and  insufficient  work 
had  been  done  to  determine  even  the  trend  of  the  deposit.  Its  origin  is  quite 
obscure. 

North  Barriere  Lake 

Several  small  prospects  are  located  near  North  Barriere  lake.  This  district  is 
several  miles  east  of  the  sheet,  but  two  days  at  the  end  of  the  season  were  spent  in 
examining  the  prospects  (Figure  19). 

The  only  prospects  worth  mentioning  are  the  Anaconda  group,  belonging  to  the 
Johnson  brothers,  Fosborg,  Bilen,  and  H.  D.  Macdougall,  located  on  Berk  creek; 
the  Lucky  Boy  group,  belonging  to  Joe  Conway  and  associates,  on  the  northwest 
shore  of  the  lake;  and  the  Wah  Wah  claim  of  Bendeline  and  Hillyard,  also  on  the 
northwest  side  of  the  lake. 
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The  Anaconda  is  a  pyritic  replacement  in  a  dolomite  zone  in  the  quartsites  of 
the  Barridre  f ormation;,  uid  consists  of  very  low  grade  materiaL  Minor  amounts  of 
galena  and  zm6  blende  occur  ^th  the  pyrite.  There  is  nolidng  to  suggest  any  pos- 
sibility of  commerciid  yalue.    Traces  of  copper  and  gold  are  the  only  indications. 

The  Lucky  Boy  group  is  the  merest  prospect  A  tunnel  was  being  driyen  into  the 
hill  through  the  Barridre  argillaceous  sericite  and  chlorite  schists.  Blotches  and 
irregular  masses  of  the  coi^per  cari>onates  stain  the  walls  and  back  of  the  tunnel  various 
shades  of  green  and  blue.  An  open-cut  farther  to  the  northeast  revealed  the  same  low- 
grade  mineralization.  The  source  of  these  oxidized  copper  minerals  was  not  recog- 
nizedy  and  no  definite  trend  could  be  discovered  for  the  mineralization. 

The  Wah  Wah  claim  is  located  at  an  altitude  of  8,860  feet  on  the  northwestern 
slope  of  the  lake  trench.  An  open-cut  and  some  stripping  reveal  a  solid  mass  of 
pyrrhotite  with  small  amounts  of  chalcopyrite  and  pyrite.  The  enclosing  green 
sdbists  are  similarly  mineralized^  but  to  a  much  less  extent.  It  is  possible  that  the 
sulphides  carry  an  appreciable  amount  of  gold. 

This  district  is  favourably  located  geologically  for  prospecting,  being  within  2 
miles  of  the  contact  of  the  Baldie  granite  batholith,  but  for  mining  its  distance  from 
a  railway  would  be  a  handicap. 

LIMESTONE 

Some  of  the  white  limestone  beds  of  the  Barri^re  formation  just  east  of  mount 
Armotir  have  been  explored  to  ascertain  their  value  as  sources  of  lime.  Some  of 
these  consist  of  relatively  pure  calcium  carbonate.    No  assays  were  made. 

CQSNERAL  CONCLUSION  BEGABDINO  MINING  PROSPECTS  ALONG  NORTH  THOMPSON  RIVER 

The  southern  part  of  the  North  Thompson  map-area  seems  unfavourable  for  the 
discovery  of  valuable  metalliferous  deposits.  It  is  too  far  from  the  seat  of  igneous 
intrusion.  The  northern  part  of  the  area,  especially  beyond  the  limits  of  the  map, 
seems  more  favourable,  however,  and  the  country  within  a  couple  of  miles  of  the 
contact  of  the  Baldie  batholith  should  be  carefully  prospected.  A  thick  covering  of 
glacial  drift  and  a  dense  forest  mantle  very  greatly  enhance  the  difficulties  of  the 
prospector. 
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Figure  24.    Index  map  of  Lardeau  area,  Kootenay  district,  B.C 108 

The  field  work  in  Lardeau  map-area  (Figure  24)  in  19^  conekted  of  further 
systematic  mapping  of  the  geology,  and  investigation  of  ore  deposits.  The  writer's 
fidd  work  had  covered,  by  the  autumn  of  1920,  a  wide  strip  of  country  between 
Slocan  mining  area  and  the  20-inile  railway  belt  out  from  Camborne.  The  section 
of  the  railway  belt  on  the  northwest  side  of  Lardeau  area  is  exceedingly  rugged  and 
practically  devoid  of  trails,  and  only  part  of  the  topography  has  been  mapped. 

Held  work  was  commenced  at  Serektoke  in  the  latter  part  of  June.  Snow 
remained  on  the  summits  until  late  in  the  season  and  the  autumn  rains  set  in  about 
the  middle  of  August,  permitting  only  a  short  working  season.  Efficient  assistance 
in  the  field  was  rendered  by  two  student  assistants,  H.  T.  James  and  G.  F.  Barnwell. 
Three  local  men  were  engaged  to  help  in  back  packing  and  axe  work.  The  writer 
wishes  to  acknowledge  in  particular  the  interest  tsken  in  the  work  by  Arthur  John- 
son, Gold  Commissioner,  A.  G.  Langley,  Besident  Mining  Engineer,  and  Walter 
Bews,  Mayor  of  Kevelstoke. 

GENERAL  GEOLOGY 

The  different  rock  formations  underlying  the  Lardeau  map-area  southeast  of 
Incomappleux  river  were  summed  up  in  the  table  of  formations  in  the  Summary 
Beport,  1920.*  The  same  formations  or  their  equivalents  are  to  be  found  in  the 
20-mile  railway  belt  on  the  west  side  of  Selkirk  mountains.  The  field  data  obtained 
in  li921  relate  to  the  distribution  and  structural  features  of  these  rocks. 

Both  stratified  rocks  and  igneous  rocks  occupy  wide  areas  in  the  Lardeau  map- 
area.  The  stratified  rocks  form  a  thick  cover  into  which  granite  and  similar  rocks 
have  been  intruded.  Some  of  the  igueous  bodies  reached  high  enough  in  the  earth's 
crust  to  establish  intrusive  contacts  with  the  uppermost  strata  found  in  the  region. 
Deep  erosion  has  laid  bare  these  igneous  bodies  over  wide  areas  in  the  Selkirk  region 
northward  from  the  International  Boundary.  The  batholiths  are  exhumed  to  a  stage 
at  which  they  are  seen  in  contact,  in  some  places  with  the  basement  rocks,  and  at 
many  other  points  with  the  upper  formations  of  the  region.  Areas  of  metamorphic 
jocks  occur  in  proximity  to  the  igneous  bodies;  and  progressive  metamorphism  is 
shown  in  the  stratified  rocks  upward  from  the  intrusive  contacts. 

STRATIGRAPHY  OF  THE   SEDIMENTARY   FORMATIONS 

All  the  Stratified  formations  have  been  compressed  into  wide  folds.  Folding 
and  erosion  of  the  sedimentary  cover  have  exposed  all  the  different  stratigraphic 
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Figure  24.     Index  map  of  Lardeau  area,  Kootenay  district  B.C. 
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horizons;  and  crystalline  basement  rock  types  may  appear  in  the  same  upland  sur- 
face flanking  much  younger  and  less  altered  formations.  The  total  thickness  of 
sediments  thus  exposed  aggregates  several  miles. 

The  stratified  formations  of  Lardeau  area  fall  into  two  distinct  groups,  a  basal 
series  consisting  of  quartzites,  siliceous  argillites  and  lime&tones  and  their  meta- 
morphosed equivalents,  and  a  younger  sedimentary  series  of  carbonaceoue  marine 
beds,  dominantly  composed  of  argillites  but  including  persistent  limestone  beds  that 
are  most  numerous  towards  the  base  of  the  series.  These  correspond  respectively  to 
the  Shuswap  series  and  Niskonlith  series  into  which  Dr.  O.  M.  Dawson  in  1889, 
when  examining  mining  areas  in  Kootenay  district,  divided  the  stratified  rocks  on 
the  west  side  of  the  Selkirks.  His  mapping  of  the  Shuswap  series  southeast  of 
Bevelstoke  is  consistent  with  the  structure,  in  so  far  as  older  stratified  beds  appear 
in  this  section,  in  Dlecillewaet  and  Columbia  valleys.  Dawson  mapped  a  Shuswap* 
Niskonlith  contact  in  the  mountains  on  the  west  side  of  Kootenay  lake  which  has 
proved  to  be  continuous  into  Lardeau  area.  He  inferred  that  a  similar  contact 
crossed  the  main  line  of  the  Canadian  Pacific  railway  near  Albert  Oanyon  station, 
where  metamorphosed  rocks  of  the  Shuswap  series  appeared  to  emerge  from  beneath 
the  carbonaceous  schists  and  argillites  found  in  the  railway  section  between  Albert 
creek  and  Flat  creek. 

There  can  be  no  doubt  that  a  considerable  time  interval  is  represented  by  the 
contact  between  the  basement  rocks  and  the  Slocan  (Niskonlith)  series.  There  are 
possibly  other  gaps  of  lesser  time  value  that  have  been  overlooked,  but  the  bulk  of 
the  sedimentary  formations  in  Lardeau  area  must  be  regarded  as  either  Carboniferous 
or  pre-Carboniferous  in  age.  Definitely  Carboniferous  marine  fossils  were  obtained 
in  1917  from  limestone  and  argillaceous  beds  of  the  Slocan  (Niskonlith)  series  in 
the  southern  part  of  Lardeau  area  near  mount  -Cooper. 

STRUCTURE   OF   THE   SEDIMEXTARY   FORMATIONS 

The  major  structures  in  the  stratified  rocks  are  folds  paralleling  the  Cordilleran 
trend.  These  folds  are  complex  and  show  a  great  variety  of  minor  fiexures.  The 
folds  in  the  formations  on  the  west  side  of  the  Selkirks  in  general  trend  northwest 
to  southeast. 

Open  folding  is  characteristic  of  the  basement  formations  which  are  composed 
of  competent  beds  of  quartzite  and  indurated  siliceous  argillites  and  limestones. 
The  younger  and  softer  beds  infolded  above  the  basement  series  are  often  tightly 
compressed  in  close  folds.  Some  of  the  composite  folds  in  the  basement  rocks  attain 
several  miles  in  width.  "West  of  Albert  Canyon  station  well  stratified  metamorphosed 
beds  appear  at  the  track-level,  rising  abruptly  4,000  feet  above  the  valley  on  the 
south  side  in  the  vicinity  of  the  Albert  peaks  and  continuing  southwestward  to  form 
the  height  of  land  on  the  east  side  of  Columbia  valley.  This  structure  represents  a 
broad  upwarp  or  arch  in  the  basement  formations,  an  unsymmetrical  anticlinorium 
X>ossibly  more  than  40  miles  in  width.  This  structure  is  continuous  in  the  moun- 
tains on  the  west  side  of  the  Columbia  beyond  the  limits  of  Lardeau  map-area. 

Warping  of  the  major  structures  transverse  to  the  trend  of  the  region  has  given 
rise  to  minor  folds  favouring  east  to  west  axes.  These  folds  affect  the  whole  stratified 
series.  Where  the  major  folds  plunge  to  the  north  or  pitch  to  south,  east  to  west 
folds  represent  the  minor  bucklings  in  the  strata  around  the  ends  of  these  folds. 

Faulting  in  Lardeau  area  is  of  minor  importance  to  the  folding.  A  break  occurs 
in  the  formations  near  the  headwaters  of  Twin  Creek  West.  The  creek  appears  to 
mark  the  fault  line,  for  prominent  limestone  beds  have  been  dropped  down  in  the 
section  on  the  east  side  of  the  creek  and  carried  northward  for  a  mile.  The  vertical 
displacement  is  only  a  matter  of  a  few  hundred  feet.  Faults  in  this  mountainous 
region  mostly  show  downthrow  of  the  formations  to  the  east  and  the  displacement 
appears  in  this  case  to  have  occurred  with  a  shift  to  the  north  of  the  fault  block  on 
the  east  side  of  this  break. 


Digitized  by 


Google 


110  a 

Igneous  Rocks.  The  igneous  rocks  found  in  Lardeau  area  are  all  younger  than 
the  Carboniferous  strata  of  the  region.  The  first  igneous  invasion  recorded  includes 
gabbros  and  other  basic  rock  types.  Numerous  sheet-like  dykes  of  greenstone  appear 
in  the  central  part  of  the  Lardeau  syndine.  These  intrusives  correspond  to  the 
Kaslo  schists  and  form  parallel  bands  following  the  trend  of  the  folded  formations. 
They  are  compact  rocks  that  stood  up  in  the  weathering  and  erosion  of  the  region 
to  form  the  summits  of  ridges  and  peaks.  They  are  most  prominoit  in  the  region 
southeast  from  the  headwaters  of  Akolkolez  river.  These  basic  igneous  bodies  pre- 
ceded the  invasion  of  the  Nelson  granodiorite.  Many  of  them  are  greatly  altered  to 
chlorite  schists,  talcose  schist,  carbonate  rocks,  and  in  some  localities  to  serpentine. 

The  granodiorite  area  in  the  vicinity  of  Bevelstoke  and  extending  up  Blecil- 
lewaet  valley  appears  to  be  in  alignment  with  the  wide  belt  of  granite  rocks  that  crosses 
the  Lardeau  area  southeast  of  the  Albert  peaks.  Northwestward  beyond  the  Lardeau 
sheet  a  similar  granodiorite  belt  extends  through  the  Eagle  Pass  mountains  and  is 
shown  on  the  Shuswap  map-sheet  (No.  604)  extending  as  far  as  Adams  lake. 

The  intrusive  contacts  of  this  batholithic  area  west  of  Bevelstoke  appear  for  the 
most  part  to  be  outlined  in  the  basement  rocks  of  the  region.  The  contact  extending 
along  the  south  side  of  Blecillewaet  valley  between  Bevelstoke  and  Albert  canyon 
pitches  steeply  to  the  south  in  the  stratified  formations,  basement  to  and  below  the 
Slocan  series.  All  the  stratified  formations  above  this  intrusive  contact  are  meta- 
morphosed, and  the  contact  pitches  so  steeply  that  few  minor  intrusives  appear  in 
the  immediate  vicinity  to  penetrate  the  overlying  stratified  rock  cover.  This  intru- 
sive contact  and  the  stratigraphic  contact  crossing  the  height  of  land  on  the  south 
side  of  nieeillewaet  converge  eastward  so  that  the  belt  of  basemoit  rocks  narrows 
and  the  igneous  body  is  brought  in  close  vertical  relation  to  the  upper  formations  in 
the  Albert  Peaks  section. 

ECONOMIC  GEOLOGY 

The  mineral  deposits  in  Lardeau  area  are  closely  associated  with  igneous  intru- 
sives. Wherever  there  are  mineral  indications  there  are  at  least  minor  igneous  bodies 
outcropping  in  the  same  locality.  The  principal  intrusive  contacts  bordering  the 
granodiorite  areas  in  Lardeau  are  similar  to  contacts  southward  in  the  Selkirk  region 
and  are  probably  well  mineralized,  but  for  the  most  part  these  contacts  6ro68  the 
mountains  in  the  remoter  parts  of  the  area  and  have  been  little  prospected.  Few 
substantial  efforts  have  been,  or  are  being,  made  to  prove  the  value  of  the  mineral 
resources  of  this  area.  At  the  time  the  Slocan  area  was  being  prospected  many 
claims  were  staked  at  widely  scattered  points,  and  some  along  well-defined  mineral 
zones  in  this  part  of  the  Selkirk  region,  yet  only  very  limited  mining  developments 
materialized.  The  majority  of  the  mineral  claims  are  in  the  Slocan  formation, 
extending  diagonally  across  the  area  between  the  head  of  Kootenay  lake  and  Bevel- 
stoke. Some  properties  were  located  in  the  early  days  east  of  Albert  canyon  near 
nieeillewaet  and  on  Incomappleux  river,  south  of  Flat  creek.  No  important  mineral 
discoveries  have  yet  been  made  in  the  mountains  along  the  south  watershed  of  Blecil- 
lewaet river,  though  there  are  places  where  the  rocks  are  impregnated  with  rusty- 
weathering  sulphides,  containing  pyrite,  pyrrhotite,  and  some  chalcopyrite.  A  few 
mineral  occurrences  have  been  reported  from  the  Akolkolex  drainage  basin  just  south 
and  east  of  this  watershed,  within  the  bounds  of  Bevelstoke  mining  division.  The 
geological  formations  found  in  this  section  are  the  extension  northwestward  of  the 
rocks  crossing  Lardeau,  Trout  Lake,  Ainsworth,  and  Slocan  mining  divisions. 

The  metalliferous  ores  mined  in  the  Selkirk  region  carry  values  in  gold,  silver, 
lead,  zinc,  and  copi>er. 

GOLD 

The  gold  quartz  veins  found  in  the  central  mineral  belt  from  Cascade  creek  on 
Lardeau  river  through  to  Camborne  on  Incomappleux  river  merit  investigation.  The 
gold  quartz  at  Poplar  resembles  the  gold  quartz  in  the  mineral  belt  crossing  Incomap- 
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pleux  river.  Aaijciated  with  the  quartz  are  green  patches  of  materiAl  made  up  of 
several  hydromicas  yaryincr  from  colourless  to  bright  green,  the  green  being  due  to 
ike  presence  of  a  small  amount  of  chromic  oxide.  These  hydromicas  have  the  optical 
and  other  physical  properties  of  the  mineral  mariposite.  The  veins  are  associated 
with  a  carbonate  rock  which  appears  to  be  in  general  an  intimate  mixture  of  quarts, 
carbonate  minerals,  and  hydromicas  of  the  mariposite  group.  Some  quartz  showing 
the  green  hydromicas  was  found  by  the  writer  this  season  in  the  talus  slopes  about 
the  head  of  Oreely  creek,  but  none  of  the  carbonate  rock  was  seen  in  that  locality. 

NICKEL 

Specimens  of  the  gold  quartz  and  carbonate  rock  from  the  Bemiere  property 
were  found  by  R.  A.  A.  Johnston  to  contain  minute  specks  of  metallic  sulphides  that 
gave  traces  of  nickel;  some  of  the  specks  may  be  millerite  (nickel  sulphide) >  but  others 
are  probably  nothing  more  than  nickeliferous  pyrite.  The  carbonate  constituents  in 
the  rock  associated  with  the  gold  quartz  from  the  Bemiere  are  somewhat  complex. 
The  principal  base  metals  noted  are  iron,  calcium,  magnesium,  and  nickel;  traces  of 
manganese  and  cobalt  show  in  some  of  the  trials;  but  qualitative  exi>eriments  indi- 
cate rather  wide  variations  in  the  proportions  of  the  bases  mentioned  even  in  different 
portions  of  the  same  sample.  The  status  of  the  nickel  content  of  the  carbonates  is  a 
matter  of  uncertainty,  but  its  behaviour  towards  reagents  points  very  strongly  to  the 
presence  of  zaratite,  a  hydrous  carbonate  of  nickel  often  found  in  emerald  green  crusts. 

MANGANESE 

Carbonates  that  show  on  weathering  a  considerable  content  of  manganese  occur 
in  grey  quartzites  bordering  a  body  of  sen>entine  rock  on  the  west  slope  of  Sproat 
mountain.  The  serpentine  carries  a  certain  amount  of  carbonate  material,  and 
manganese  carbonates  occur  as  local  replacements  or  fiasure  fillings  in  the  sedimentary 
formations  on  the  ^ast  side  of  the  serpentine  belt.  The  ground  in  this  locality  was 
staked  several  years  ago  for  asbestos,  which  occurs  in  the  altered  serpentine  rock. 

Several  small  open-cuts  have  been  made  showing  the  character  of  the  manganese 
ore.  Samples  taken  from  the  surface  this  season  by  the  writer  were  reported  on  by 
Eugene  Poitevin  as  follows:  ^'The  material  consbts  for  the  most  part  of  granular* 
compact,  greyish  to  pinkish  carbonates  of  manganese,  iron,  calcium,  and  magnesium. 
These  carbonates  probably  form  isomorphous  series.  Some  of  them  are  near 
rhodochrosite  in  composition,  others  nearer  to  mangancalcite  or  mangansiderite. 
The  specific  gravity  varies  from  3*30  to  3*40,  and  the  optical  properties  indicate 
that  the  material  is  not  of  uniform  composition.  About  20  per  cent  of  the  material  is 
unattacked  by  hydrochloric  and  nitric  acids.  The  microscopic  residue  appears  to  be 
quartz.  A  few  quartz  crystals  coated  with  manganese  oxides  appear  encrusted  on  one 
of  the  specimens. 

The  hydrous  manganese  oxides  coating  the  carbonates  are  admixed  with  certain 
quantities  of  limpnite.  It  is  evident  that  the  manganese  oxides  were  derived  from 
the  transformation  of  the  carbonates." 

ASBESTOS 

Asbestos  Group,  The  property  mentioned  above  is  known  as  the  Asbestos  group 
of  claims  and  sit  situated  to  the  east  of  the  Columbia  river,  about  IJ  miles  in  direct 
line  from  the  Canadian  Pacific  Railway  track  at  Sidmouth,  a  flag  station  3  miles  nortli 
of  Arrowhead.  The  claims  are  at  an  elevation  of  4,200  feet  above  sea-level,  approxi- 
mately 2,800  feet  above  the  railway. 

Assessment  work  in  the  early  part  of  the  summer  discloaed  some  high-grade 
asbestos  of  the  fibrous  chrysotile  variety  in  open-cuts  made  in  the  serpentine.  The 
owners  are  R.  Armstrong  of  Sidmouth  and  J.  T.  Lauthers  of  Revelstoke. 

Chrysotile  veinlets  may  be  found  in  almost  any  serpentine  area.  The  surface 
showings  where  chrysotile  is  mined  in  Quebec  are  seldom  conspicuous.   The  Asbestos 
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group  of  claims  is  located  on  a  belt  of  serpentine  rock  that  represents  a  very  much 
altered  basic  igneous  intrusion.  This  igneous  body  has  the  form  of  a  wide  dyke  or 
elongated  stock  that  cuts  across  a  series  of  quartzites,  crystalline  limestones,  and 
argillaceous  schists.  The  original  igneous  massive  has  been  altered  to  serpentine 
and  talcose  schists. 

In  the  ground  covered  by  the  Asbestos  group  the  serpentine  forms  an  escarpment 
or  series  of  rocky  bluffs  starting  at  an  elevation  about  2,600  feet  above  the  railway 
on  the  northwest  slope  of  mount  Sproat  The  outcrops  of  the  serpentine  occur  over  a 
vertical  distance  of  350  feet  on  a  25-degree  slope,  so  that  the  belt  has  a  width  of  about 
1,000  feet  and  is  continuous  for  some  distance  along  the  strike. 

Good  samples  of  both  cross  fibre  and  slip  fibre  may  be  obtained  from  the  open-cuts 
on  the  Asbestos  group.  Mr.  A.  Q.  Langley  examined  the  property,  and  samples  sub- 
mitted by  him  to  R.  A.  A.  Johnston  proved  to  be  chrysotile  or  serpentine  asbestos. 
The  specimens  of  cross  fibre  collected  by  Mr.  Langley  showed  a  fibre  lengrth  of  i  inch 
to  I  inch.  Mr.  Johnston  states  that  these  specimens  are  quite  as  good  as,  if  not 
isuperior  to,  much  of  the  South  African  stock  now  being  used  in  increasing  amounts 
as  a  filler. 

The  writer  visited  the  property  in  August  and  obtained  a  variety  of  specimens  of 
different  grades.  The  best  cross  fibre  in  these  specimens  is  straw-yellow  and  would 
yield  a  product  of  fair  length,  strength,  and  silkiness  that  would  find  a  ready  market. 

A  specimen  showing  the  best  quality  of  slip  fibre  consisted  of  fine,  silky  fibres  4 
to  6  inches  in  length.  This  was  pronounced  by  Mr.  Harvie,  who  has  been  working  in 
the  Quebec  asbestos  area,  to  be  very  desirable  material,  corresponding  to  certain 
varieties  of  material  from  South  Africa. 

Some  of  the  specimens  of  cross  fibre  were  found  to  be  somewhat  harsh  and  brittle 
and  would  lack  the  tensile  strength  for  a  good  spinning  fibre;  it  should,  however, 
make  a  good  filler  for  textiles.  The  very  short-fibred  material  could  be  used  to 
advantage  in  compositions  such  as  wallboard,  tile,  and  roofing. 

The  serpentine  on  the  Asbestos  group  of  claims  is  a  very  much  altered  type  of 
rock.  A  considerable  part  of  it  is  altered  to  compact  talc  schists.  Other  minor 
alteration  products  are  calcdte  and  magnesdte;  possibly  some  of  the  green  patches 
in  the  rock  may  be  actinolite.  Associated  with  the  cross-fibre  asbestos  is  the  brittle, 
fibrous,  green  mineral  picrolite. 

Talc,  'Some  of  the  talc  in  this  serpentine  might  prove  of  commercial  value,  since 
the  property  is  close  to  transportation.  Varying  amounts  of  either  talc  or  serpentine 
asbestos  are  found  in  the  small  open-cuts  that  have  been  made  on  the  property.  The 
talc,  where  it  occurs  in  quantity,  is  light  grey,  but  soft,  yielding  a  white  powder. 
Some  of  the  samples  show  material  that  would  make  a  medium-grade  talcum  powder 
or  might  be  useful  as  a  paper  filler  and  in  compositions. 

The  Mount  Sproat  section  appears  to  warrant  further  exploratory  work  to 
determine  whether  chrysotile,  tak,  or  manganese  occur  in  workable  deposits.  The 
Asbestos  group  has  yielded  the  best  samples  of  chrysotile  so  far  foimd  in  British 
Columbia. 

Iceland  Spar.  R.  W.  Brock,  reporting  on  Lardeau  area  in  1903,  pointed  out  that 
a  small  piece  of  cakite,  so  clear  and  unchecked  as  to  belong  to  the  Iceland  spar 
variety,  had  been  found  near  Whiskey  point  on  the  northeast  arm  of  Upper  Arrow 
laka  It  was  also  pointed  out  that  if  this  material  could  be  foimd  in  quantity  it 
would  be  a  most  valuable  discovery,  as  this  form  of  calcite  is  in  demand  for  optical 
purposes  and  the  known  deposits  are  almost  exhausted. 

A  discovery  of  Iceland  spar  was  reported  this  season  near  the  headwaters  of 
Lake  creek,  a  tributary  of  Lardeau  river.  This  locality  is  on  the  northeast  side  of 
Lardeau  area,  where  the  limestone  formations  that  occur  near  the  base  of  the  Slocan 
series  strike  northwest  and  southeast  across  the  country.  The  writer  was  unable  to 
examine  the  deposits,  but  samples  obtained  from  outcrops  give  promise  that  the  right 
sort  o^  material  has  been  found  in  place. 


Digitized  by 


Google 


Plate  I 


B.     Workings  of  the  Mount  Cameron  property.     The  outcrop  of  the  vein  may  be  seen   in 
the  slide  of  broken   material    in   the   middle   of   the   picture.      (Page    6.) 
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Plate  II 


View  down  Williams  creek   from   Black  Jack  cut,    Bakervllle  area,   B.C.      (Photo, 
1868.   by   R.    Maynard,   Victoria.    B.C.      (Page    61.) 


B.     View  down  Williams  creek    from   Black   Jack   cut,    Barker\-ille   area,   B.C. 
(Photo.    1921.)       d'ase  6.) 


Digitized  by 


Google 


Plate  III 


Vlftw  eastward  across  North  Thompson  valley  from  point  2  miles  south  of  Mount  Olio 
village.  Picture  shows  the  youthful  topography  of  the  North  Thompson  trench,  the 
old-dissected  peneplain  above,  the  topographic  unconformity  between  these  two,  and 
Dunn  peaks  in  the  far  distance,  which  are  monadnocks  standing  above  the  uplifted 
peneplain.     (Pages   74,   89.) 


View  up  North   Thompson  valley  showing   Mount   Olle   village   and    "roche   moutonn^e" 
character  of  Fennell  pillow  lava  on   Mount  Olie   ridge.      (Page   74.) 


Digitized  by 


Google 


Its 

-IS 

5i| 


"■5 

5  o  bo 

:§!£§ 

be      ^ 

"fl  S  £  I 

vac 

^  ^  ^  B 

5  o 'I 

u       p 
CO 


0) 

♦J  "^ 
a 

25 
ft" 

3  3 

If 


« 


c 


n  >,    . 

Cot* 

c 

c 

o 


Digitized  by 


Google 


INDEX  < 


Abbott  claim 

Adams  1 78,   81. 

Akolkolex  r 

Albert  ck 

Albert  peak , 

Albert  Congon  station 

Alice  arm , 

Alice  Arm , 

Alice  Arm  Silver  Mining  Co.,  Ltd.   , 

Allies  claim 

Alluvial  gold.    See  Barkerville  area. 

Altitudes. 

Cameron  mt.,  Ykn , 

N.   Thompson   valley,  hills . .    . .    , 
Tremeton  mt , 

Alverson,  J 

Alverson  gulch 

Anaconda  group 

Analyses. 

Coal.  N.   Thompson  valley 

Thermal  waters.  Coast  dist 

Anderson,   P. 

Anglesite 

Ankerite 

Anticline 

Antler  ck. 59.61,66, 

Argentite 

Argillites 

Aristazable  isld 

Armour,  mount 

Armstrong.  R 

Arnold.  Pred 

Arsenopyrite 

Asbestos 

Asbestos  group 

Assaya 
Copper  ores.   Lasqueti   isld . .    . . 
Galena  ores.   Mayo  dist..  Tkn . . 
Gold  ores,  N.   Thompson   valley 
Zinc  ores,  N.  Thompson  valley.. 

Auldgirth    (Blackpool)    station    .. 


Paob 
68 
90. 110 
110 
109 
109. 110 
109 
8 
21 
16 
100 


89, 


1 

92 

60 

6 

6 

106. 106 

96 

42-49 

7.  21 

6 

33 

12 

66,  71 

16,  16 

11.  12 

24 

79 

111 

6 

106 

111 

111,112 

66-58 

4.   6 

100 

103 

102 


Babblngton.  H.  B 39 

Badger  Creek   formation 76.  80,    84 

Baldie  batholith 76,106 

Baldie  granite 81,  82,    92 

Baldie,  mount 81,    89 

Bancroft,  J.  Austen 22,    60 

Bancroft.   M.   F. 

Rept.   by,  on  IJardeau   map-area    ..107-112 

Bardswell   islds 26,  27,    29 

Barite 13,  15,    19 

Barker.  B 68 

Barkerville 68 

Barkerville  area. 

Placer  mg..  rept.  by  Johnston..    ..  59-71 

Barnes  cove 52-54 

Barnwell.  G.  F 107 

Banidre  formation 76,  78-80,  103-106 

Bani^re  mt 79 

Bastion  schists 92.103 

Bear  1 30,    86 

Bear  r 9 

Bear  River  formation 9 

Bellabella    formation 27 

Bella  Coola  mg.  div. 

Rept  on  part  of  coast 22-49 

Belmont  Surf  Inlet  Mines,  Ltd 30 


Paob 

Berk  ck 105 

Berry,    D.    W 86 

Bews,  W 107 

Bigelow  vein 102.103 

Biotite  granodiorite 81 

Bishop  cove 41,    46 

Black  Jack  canyon 66,    71 

cut 114 

tunnel 68 

Blucher  Hall 79,104 

Bolton  copper  group 38 

Bonaparte  1 90 

Bonner,   L.   A 60 

Bornite 88 

Boulder  clay 8,  12,  63.  66 

Bowman.  Amos 69,    64 

Brewer,   W.    M 60.  67,    68 

Brim  r. .    >. 48 

Brock.  R.  W 112 

Brooks,  A.  H 41 

Brown,  Wm 69 

Buckle,  P 7 

Bulger  bench 66 

Bull  passage 62 

Bullock  channel 24 

Burke  channel. 

Rept.    on    coast    from,    to    Douglas 

channel 22-49 


Cache  ck 

Calcarenite 

California  ck 

tunnel 

Camborne 

Cameron,  D.  W 7.    18 

Cameron  claim 68,  70,  102 

mount 1.     2,      6 

Campbell,  Thos 99 

Carboniferous 

Cariboo  schist  series 

Cariboo  Gold  Fields  Co 

Cariboo  Mountain  range 

Cascade  ck 

Casey,  Geo 

Cerargyrite 

Cerussite 

Chalcocite 

Chalcopyrite 6.  6,  64, 

Chinook  cove 

Chrysotlle 

Chu  Chua  formation  75,  82-86,  87,  89 

90,   97,   98,  102 

Chu   Chua   station 82,    87.  90.    92 

Chu  Chua  Coal  Co 93.  95-97 

Clapp,  C.  H 63 

Clearwater  ck 8,  10,    12 

r 87 

Climate. 

Barkerville  area 

Coast  of  Coast  dist 

Kitzault  valley 

N.  Thompson  valley 

Climax  claims 

Clothier,  Geo.  A. 

Coal. 

N.   Thompson  valley 92-98 

Coal  ck.     See  Newhykulston  ck. 


6 
64 

67 

69 

110 


110 
64 
70 
61 

110 
21 

103 

6 

38 

66 

86 

111 


61 
23 
8 
74 
19 
30 


iNotb:  All  localities  not  otherwise  designated  are  in  British  Columbia. 
39860—9  117  a 


Digitized  by 


Google 


lis  A 


Paqb 

Coast  dist., 

Rept.  and  maps  on  coast  and  islds. 

of   part   of 22-49 

Coast  range 24 

Coast   Range    batholith 9.  25.    37 

Cock,  C.  J 73 

Cockfleld,  W.   E..   Sum.   rept.  by..    ..  1-6 

Colley,  H 5 

Collins,  G.  A 36 

Columbia  r Ill 

valley 109 

Combination  group 20 

rats 8,    12 

Conklin  gulch 68.  69.    71 

Consolidated    Homestake    Mining   and 

Development  Co.,  Ltd 20 

Conway,  J 105 

Copper. 

Coast   dist 29-40 

Kitsault    valley 19.20 

Lasqueti  isld 54-58 

N.   Thompson   valley 104-106 

Copper  Cliff  group 20 

Cordilla,   D 35 

Cordil la  group 35 

Cougar  1 30 

Cretaceous 9,  50.    52 

Cunningham,  ck 63,66 

pass 67 

Daly,  R.  A 74,  79-81,  91.92 

Darlington  ck 83,  85,    86 

Darlington  formation 80 

granodiorite 84,    87 

stocks 75 

Darlington    Creek    gorge 84 

David    Copperfleld   group 18 

Davidson,  A 20 

Davidson   mt.,  Ykn. 

Galena,   rept.   by   CockAeld 1-6 

Dawson,  G.  M. .    .  .24,  50,  52-54.  59.  61, 

65,    70,    73,    80,    86,    88,    9U.    91.     101.     109 

Dean  channel 23.  26,  29.  40-42,  49 

Deer  1 30 

Denny  isid 27 

Desolation  channel 24,    25 

Devils  Wall 27 

Dietz,  Wm 68 

Discovery  claim 68 

Dixon  mts 79 

Dodd,  Li.  A 60 

Dolly  Varden  formation 8,  10-1,5 

hill 8 

Dolly  Varden   silver  m 7,   13,  16,    17 

Dolmage,    V.,    rept.    by    on    coast    of 

parts  of  Skeena  and  Belle  Coola  mg. 

divs 22-49 

Donald,  M 18 

Dorothy  Brown  galena  claim 4 

Douglas  channel 24-27,  29,  36,  37 

Rept.    on     coast     from,     to     Burke 

channel 22-49 

Dredging 67,    71 

Drum  Lummon  copper-gold  mine  23,  26 

35-38 

Dunn  1 87 

Dunn  peak 89 

Bagle   Pass  mt 110 

Ellerslie  channel 26 

Elliott,  W.  J 6 

Ellis,   N.   T 1 

Elsie  galena  claim 4 

Elworthy,  R.  T 41 

Eocene      sediments.      N.       Thompson 

vaUey 75-88 


Page 

Ericsson  claims 69 

Esperanza  mine 21 

Eucott  bay 42 

Eureka  ck..    ..' 71 

Evindsen.    Mr 13.  20 

Evindsen,  ck 8.  10-12,  16 

Falconer,  J 4 

False   bay 50,  52-54 

Faulting  and   folding. 

Coast  dist. 27 

Kitzault  valley 12 

Lardeau  map-area 107, 108 

N.  Thompson  valley 87.    88 

Feldspars 37 

Fennell,  Geo 73.    99 

Fennell    formation    76-78,    80,    83,    87. 

88,  100,103 

mt 77 

Flat  ck 109 

Flewin,  H 39 

Forbes.   W 4 

Forest   Rose  property 69 

Forey,  G 5 

Forks,  D 4 

Formations,  geological.     See  Geology. 

general 104 

Fortuna   claim 104 

Fossils. 

BarkerviUe  area 85 

Kitzault    valley 11.    12 

Lardeau  map-area 109 

Fraser,  mount 79 

reach 24.  35,    40 

Frelbergite 6 

Galena. 

Davidson  mts.,  Tkn 1-6 

N.   Thompson  valley 102-104 

Swanson  bay,  near 40 

Galena  ck 2 

Galloway,  J.   D go 

Gardiner  canal 23,  24,  29,  41,    46 

Genier  1 77 

Geology,    economic. 

BarkerviUe  dist 64-71 

Coast    of   Skeena    and    Bella    Coola 

mg.    divs 29-49 

Kitzault  valley 12-21 

Lardeau  map-area 1 1  o-l  1 2 

I>asqueti  Isld 54-58 

Mayo  dist.,  Ykn 4_6 

N.  Thompson  valley 74-92 

Geology,  general. 

BarkerviUe  dist 63-64 

Coast    of   Skeena    and    Bella    Coola 

mg.  divs 24-29 

Kitzault  valley 9-12 

Lardeau  map-area 107-110 

Lasqueti  laid 52-64 

Mayo  dist.,  Ykn 3 

N.  Thompson  valley,  B.C 74-92 

Glaciation. 

BarkerviUe  area $3 

Coast  dist 23,    29 

Kitzault  valley '      g 

Mayo  dist.,  Ykn 3 

N.  Thompson  valley 90 

Glengarry  galena  claim 4 

Gold. 

BarkerviUe  area 64-71 

Coast  dist 29-40 

Kitzault  valley 20  21 

Lardeau   area..    .-. 110,111 

N.   Thompson  valley 99^102 

Gold  HUl  claim .'.IS     99 

Gold  HiU  Fraction  claim   ........       '99 


Digitized  by 


Google 


119  a 


Paob 

<'oranson,    R.    W 7 

Oraham.  J 21 

Graham.   R.    P.   D 22 

nraham    reach 24,    40 

Granodiorlte 26,   80,   82,    110 

Graphite 25 

Gray  seam 92,  94-97 

Greely  ck Ill 

Gribbell   laid 29.    39 

Grouse  ck 61,    63 

Cuemsey,  T.  D 1 

Hanson,  Geo 56 

Rept.   by,  on  Upper  Kitsault  valley  7-21 

Harden,  0 99 

Harvey  ck 66 

Harvie.   Robt 112 

Hartley   bay 26,    36 

Hauber.  Mr 19 

Helen  pt. 26 

Hill  60  mineral  claim 56.  58 

Homestake    claim 101.103 

^oup 5.    20 

Homestead  ck 4.    10 

Hopp,   J 60 

Hot    fq;>rings.      See  Thermal  springs. 

Howay,  F.  W 60 

HumbuR   ck 68 

Hurst,   M.   E 22 

Iceland  spar 112 

Incomappleux  r 110,111 

Jack   of  Clubs   ck 61 

James.  H.  T 107 

Jamieson  ck 101 

Janet  A^nes  galena  claim 4 

Jasper 15,    19 

Johnson,   A 107 

0 99 

Bros 105 

Johnston.   R.   A.  A 111,112 

Johnston,   W.   A.,   rept.   by,   on   placer 

mgr.,    Barkerville    area 59-71 

Joseph   ck 83,  85,    86 

Jurassic 9,  10,  24,  27,  62.    75 

Kefthley  ck 66 

Kemano  r 29.  30,    39 

Iteno  hill 2,6 

Keystone   drilling 67,  70.    71 

Kitimat  arm. 
Rept.   and   maps  of  coast   from,   to 

Burke  channel 22-49 

Kitzault   r 12 

Kitsault    valley,    rept.    by    Hanson    . .        7-21 

Kitsault  River  formation 8,  10,    11 

Klekane  inlet 29.    43 

Koski.   J 22,    35 

Kutse    Inlet 29.    30 

Labouch^re  channel 26,42 

LAdy   Isld 27,    29 

Lake,  J 6 

LAke  isld 27,    29 

Lamb.  A 5 

Lamprophyre  dykes 12 

Langley,  A.   0 107,112 

Lardeau   map-area. 

Rept  by  Bancroft 107-112 

Lasquetl  isld. 

Copper    deposits,    rept.    by    Macken- 

sie 54-58 

Lasqueti    Island    Mining   Co 57 

Last  Chance  group 19 

Laumontite 38 

Lauthers,  J.  T ,  HI 


Paob 

Lavas 77.115 

N.    Thompson    valley 75,  88-90 

See  also  Skull  Hill  formation. 
Lead.     See  Galena. 

Lee,  H 57 

LeRoy,  O.  E 22 

Lightning  ck 59,  61,  63,    71 

Limestone 106 

Limonite. 

Mayo  dist..  Ykn 5,      6 

Lothair  claim 67 

Lothair  Co 66 

Louis  ck 101 

Lucky  Boy  group 105,106 

McArthur  ck 71 

McBean  ck 66 

McCallum  gulch 68 

McConnell,  R.  G 7,   11,  22.    53 

MacDonald,   D 4 

MacDonald,   J.    A 4 

Macdonald  lease 67 

Macdougall,  H.  D 105 

McEvoy,  J.   E 7.    59 

MacKay,  B.   R 69,    60 

Mackenzie,  J.  D.,  rept.   by,  on  copper 

deposits,   Lasqueti    isld 50-58 

McLaren,  J.  G 60 

McLean,  W If 

McLeam.  F.  H 11 

MoLeod,   A 38,    39 

McPhail,   A 19 

Macpherson,   J.   A 60 

Magnetite. 

Dean  channel 40 

Malachite 5 

Malcolm  gold  claim 35 

Manganese Ill 

Mann,  Alfred 105 

Mann  ck 88,105 

Maps,  index. 

Kitzault  valley 14 

Lardeau  area 108 

Mayo  dist.,  Ykn 2 

Maps    (Inserts).     See  Contents. 
Maps  and  plans,  in  text. 

Barkerville  area 62 

Coast     and     islds.    between     Burke 

channel  and  Kitimat  arm 22,23 

Kitzault    valley,    mg.    claims    ....  14 

Lasqueti   isld 51 

N.  Thompson  valley,  coal  seams.    . .  93,  94 

W.  of  Adams  1  91 

Venus  and   St.   Joseph  groups..    ..  5£ 

Maria   d'Yongh   Smith   claim 100 

Mars  claim 54 

Martin,  A 5 

Martin,  G 4C 

Mary  Bell  galena  claim 4 

Mathers,   J.    B 40 

Mathieson  channel 26,    29 

Mayo  dist.,   Ykn. 

Galena,   rept.   by   Cock  field 1-6 

Meadows,   The 67 

Meenach,  A.   D 18 

Merritt,  C.  A 1 

Micropegmatite-pyroxenite 80 

Miller,  W.  H 7 

Millerite Ill 

Mineral  water.     See  Thermal  sprlnps. 

Monadnocks 89 

Montigrny  ck 76 

Moore,  C.  W 60 

Moore,  Geo 65 

Moose  group 18,    19 

Moraines 63 

Morley.    P.., 19 


Digitized  by 


Google 


120a 


Paob 

Mosquito  ck 70 
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SUMMARY  REPORT,  1921,  PART  B 

HAY  AND  BUFFALO  RIVERS,  GREAT  SLAVE  LAKE,  AND 
ADJACENT  COUNTRY^ 

By  A.  E.  Cameron 
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ICap  1685.    Mackenxle  River  basin,  northwestern  Canada 2 

INTRODUCTION 

The  presence  of  eaphaltum  and  oil-bearing  rocks  in  the  MadEenzie  basin 
and  on  the  shores  of  Ghreat  Slave  lake  has  been  known  ever  since  the  earliest 
explorers  visited  that  part  of  the  Northwest  Territories^  but  the  remoteness  of 
the  region  has  retarded  the  study  and  exploitation  of  these  resources.  The  oon- 
tinnally  increasing  demand  for  petroleum  products,  however,  and  particularly 
the  excitement  caused  by  the  reported  strike  of  large  oil  fields  near  Calgary, 
aroused  considerable  interest  in  the  possibility  of  disoovering  new  fields  on 
Peace  and  Athabaska  rivers  and  farther  north.  In  1914-16  many  claims  were 
staked  for  petroleum  and  natural  gas  in  the  vicinity  of  Nintsi  (Windy)  point 
(m  the  north  shore  of  Great  Slave  lake  where  tar  pools  have  been  known  from 
early  times.  The  writer  was  instructed  to  examine  the  district  about  the  western 
arm  of  Great  Slave  lake  and,  in  particular,  to  endeavour  to  determine  whether 
the  rocks  show  any  of  the  conditions  favourable  for  the  accumulation  of  oiL 

The  summer  fi^ld  seasons  of  1916  and  1917  were  spent  in  examining  tbjB 
district.  A  study  of  the  shorelines  of  Great  Slave  lake  occupied  the  major  part 
of  the  season  of  1916 ;  in  1917  an  exploration  was  made  of  some  of  the  principal 
rivers  flowing  into  the  lake  from  the  south.  The  more  important  geographical 
results  of  these  explorations  were  the  traverses  of  Hlay  river  from  where  it  is 
crossed  by  the  6th  meridian  of  the  Dominion  Land  Surveys,  to  its  outlet  on 
Great  Slave  lake;  of  Buffalo  river  and  its  source,  Buffalo  lake;  of  the  lower 
parts  of  Kakisa  river  and  of  the  north  shore  of  Great  Slave  lake  from  the  out- 
let at  Mackenzie  river  to  the  north  arm  of  the  lake.  Mackenzie  river  from  where 
it  leaves  Great  Slave  lake  to  the  mouth  of  Kakisa  river  with  its  numerous 
islands  was  also  surv^ed  and  some  very  necessary  corrections  were  made  in 

1  In  order  to  include  conveniently  in  one  volnme  as  mnch  new  information  as  possible 
regarding  the  occurrence  of  petroleum  in  the  Mackensie  River  region,  at  this  time  when 
so  mnch  interest  in  being  taken  in  exploration  for  petroleum,  this  report  by  Mr.  Cameron 
is  tnohided  in  the  Summary  Report  for  1921,  although  the  field  work  was  done  some 
years  previously.  Following  it  are  reports  by  B.  J.  Whittaker,  IC.  T.  Williams,  and  O.  8. 
HiimA  upon  more  northerly  sections  of  the  region  and  one  by  D.  B.  Dowling  dealing  with 
more  general  aspects  of  the  problem  of  finding  petroleum  in  the  Mackenzie  region. 

J>«reotor. 
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pievioiu  mapB  of  lius  part  of  tlie  river.  These  surveys  were  made  with  a  micro- 
meter telescope  and  compass,  and  were  checked  by  sextant  observations  for  lati- 
tude. 

LOCATION  AND  EXTENT  OF  AREA 

The  area  examined  lies  between  latitudes  68^  W  north  and  62  deerrees 
north  and  longitudes  111  degrees  and  118  degrees  west.  This  immense  area, 
comprising  approximately  61,400  square  miles,  is  one  of  the  largest  blocks  of 
practically  unexplored  areas  of  the  Dominion.  It  unbraces  a  large  part  of  tiie 
valley  of  Hay  river,  tiie  whole  of  the  drainage  system  of  Buffalo  river,  and  the 
large  basin  of  the  west  arm  of  Qreat  Slave  lake.  It  lies  partly  in  the  province 
of  Alberta  and  partly  in  the  Northwest  Territories. 

Field  work  was  of  necessity  limited  to  traveming  the  more  important  water- 
ways. Information  regarding  the  interior  of  the  country  was  gathered  from  the 
few  reports  that  have  been  written  and  from  personal  communication  with  the 
inhabitants.  South  of  the  60th  parallel  of  latitude  the  *  Topographical  Surveys 
Branch,  Department  of  the  Interior,  has  several  base  and  meridian  lines  and 
the  reports  of  the  surveyors  contain  good  accounts  of  the  t(^;K)graphy  of  the 
country.  North  of  the  60tih  parallel,  the  country,  except  narrow  strips  in  the 
vicinity  of  travelled  routes^  still  remains  largely  a  land  unknown. 

A0KN0WLEDGMENT8 

O.  L.  Kidd  conducted  the  instrumental  work  of  the  surv^s  in  a  most  capable 
manner.  The  thanks  of  the  writer  are  due  to  many  residents  of  the  district  for 
assistance  and  general  kindnesses,  especially  to  the  Reverend  A.  J.  Yale  and  the 
Beverend  G.  W.  Bowring  of  the  Anglican  Mission  school  at  Hay  river,  to  the 
Beverend  Father  Bousso  of  the  Roman  Oathcdic  mission  at  Hay  river,  to  the 
staffs  of  the  various  Hudson's  Bay  Company's  poets,  and  to  officials  of  the 
Forestry  Branch,  Department  of  the  Interior. 

Acknowledgment  is  also  due  to  Charles  Camsell  and  E.  M.  Kindle,  of  the 
Gfeological  Survey,  for  many  helpful  suggestions  and  kindly  criticism  in  the 
preparation  of  this  report  Mr.  Camsell  directed  and  supervised  the  field  work, 
and  in  1916  made  an  extensive  journey  over  the  area,  visiting  the  field  parly  in 
August  of  that  year.  Mr.  Kindle  and  E.  J.  Whittaker  made  a  collection  of  fos- 
sils from  the  area  in  1917.  The  results  of  study  of  these  and  of  the  collections 
made  by  the  writer  in  1916,  together  with  Mr.  Kindle's  suggestions  regarding 
the  correlation  of  strata,  have  made  it  possible  to  compile  the  geology  of  the 
area,  shown  on  the  accompanying  50-mile  map  (No.  1686). 

PREVIOUS  WORK^ 

Almost  all  the  earlier  explorers  of  the  country  made  some  reference  to 
the  physical  geography  and  geology  of  parts  of  Oreat  Slave  lake.  Samud  Heamc 
crossed  the  eastern  arm  of  the  lake  in  1772,  Alexander  Mackenzie  traversed  the 
west  arm  in  1789,  and  Franklin,  Richardson,  Back,  and  others  spent  some  time 
in  the  vicinity  of  the  lake.  These  explorers,  however,  were  more  interested  in 
the  country  to  the  north  and  their  reports  carry  littie  information  regarding  the 
country  near  the  lake. 

In  1886,  R.  G.  McConnell^  made  a  geological  examination  of  the  south 
shore  from  Slave  river  to  Mackenzie  river,  and  ascended  Hay  river  as  far  as 
Alexandra  falls.    He  traversed  the  north  shore  of  the  lake  from  Mackenzie  river 

^The  name  Iiittle  BufFalo  river  has  been  changed  by  the  Qeogrraphic  Board  to 
Ijtvock  river*  bnt  has  been  retained  in  thia  report,  as  the  accompanying  map  had  been 
published  before  the  change  was  made. 

SMcConnell,  R.  G.,  "Report  on  Exploration  in  the  Yukon  and  Mackensie  Basins/' 
Oeol.  Surv.,  Can.,  Ann.  Kept.,  new  ser..  pt  D,  vol.  IV»  1888-89. 
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as  far  east  as  Nintsi  point.  Tbe  published  regoftt  of  these  ezploiatioiis  contains 
the  most  detailed  information  relatiye  to  the  geology  and  physical  geography 
of  the  region. 

Wm.  Ogilvie^  in  1887  snrveiyed  the  south  shore  of  the  lake  from  Mackenzie 
riyer  to  Slaye  riyer. 

During  the  seasons  of  1899  to  1902  Bobert  Bell  and  J.  M.  Bell'  suryeyed 
and  made  a  geological  examination  of  the  east  arm  of  the  lake  and  the  east 
shore  of  the  north  arm,  but  the  north  shore  of  the  west  arm  though  trayersed 
by  Mackenzie  in  1789,  and  probably  fay  Franklin  and  Bichardson  in  18959  had 
neyer  been  surveyed  preyious  to  1916. 

Slaye  river  has  been  the  main  waterway  for  travel  to  the  north  country 
since  the  earliest  times.  At  the  time  of  Mackenzie's  ^cplorations  fur  traders 
had  already  established  a  trading  post  on  Great  Slave  lake.  Peace  river  was 
ascended  by  Mackenzie?  in  1792  on  his  journey  across  the  continent  from  Mont* 
real  to  the  Pacific  ocean.  Petitot^  claims  to  have  discovered  Eakisa  (Beaver) 
river  in  1876  and  about  the  same  time  Alexandra  falls  on  Hay  river  were  named 
by  Bishop  Bompas.  Whether  the  bishop  ascended  Hay  river  from  Ghreat  Slave 
lake  or  descended  it  from  Vermilion  is  not  known.  In  the  early  nineties  a  small 
party  of  prospectors  bound  for  the  Yukon  descended  Bay  river  to  the  lake, 
building  a  small  cabin  and  wintering  on  the  portage  at  Alexandra  falls.  In 
1902O:CamagliP  ascended  Little  Buffalo  river  from  a  point  near  Fort  Smith  to 
^he  divide  between  that  river  and  Jackfish  river,  and  descended  Jack&h  river 
to  Peace  river.  Seigeant  Mellor,  of  the  Boyal  Northwest  Mounted  Police,  made 
a  patrol  up  Buffalo  river  and  across  Buffalo  lake  in  1909.*  Prospectors  have 
i^lso  been  up  the  river,  according  to  Indian  reports,  and  the  ruins  of  their  cabins 
are  still  to  be  seen  along  the  river.  Sergeant  McLeod^  of  the  Boyal  Northwest 
Mounted  Police,  who  made  a  winter  patrol  in  1911  from  YermiKon  across  the 
Oaribou  Mountain  plateau  and  down  Buffalo  river  to  Ghreat  Slave  lake,  was  the 
first  white  man  to  traverse  this  region.  In  1911,  Hulbert  Footner,^  a  journalist, 
descended  Hay  river  from  Vermilion  portage  to  Alexandra  falls.  In  1914,  J.  B. 
Akins^  ran  the  29th  base-line  of  the  Dominion  Land  Surveys  across  the  lower 
end  of  Caribou  Moimtain  plateau,  and  in  1916  projected  the  6th  meridian^^  north 
to  the  northern  boundary  of  Alberta  at  the  60th  parallel  of  latitude. 

QENEBAL  CHABACTEB  OF  THE  DISTBIOT 

Caribou  mountains,  which  lie  south  of  the  60th  parallel  of  latitude,  form 
the  principal  watershed  between  the  waters  tributary  to  Peace  river  and  those 
tributary  to  Hay  and  Buffalo  rivers.  They  ere  in  reality  the  escarpment  border- 
ing a  large,  gently  rolling  plateau  elevated  about  3,000  feet  above  sea-level,  and 

lOgilvle*  Wm.,  "Exploration  Sunresrs  of  Parts  of  Lewes,  Tat  an  Due,  Porcupine, 
BaU,  Trout,  Peel,  and  Mackensie  Rivera,"  1887-88,  Dept.  of  Interior,  report  of  1890. 

*"lfiackensie  Basin,"  Qeol.  Surv.,  Can.,  Ann.  Kept,  new  ser.,  pt.  A,  voL  XII,  1899; 
also  Ann.  Kept,  new  ser.,  pt.  B,  voL  xn,  1899. 

•  Mackensie,  Alexander,  "Voyages  from  Montreal  on  the  River  St.  Liawrence  Throu^li 
the  Continent  of  North  America  to  the  Frosen  and  Pacific  Oceans  in  the  Years  1789  and 
1798." 

•  Petitot,  ESmile,  Autour  du  Orand  .Lac  des  Etoclaves. 

BCamsell,  C,  "Region  Southwest  of  Fort  Smith,"  QeoL  Surv.,  Can.,  Ann.  Rept,  new 
ser.,  pt.  A,  vol.  XV,  1902-08,  p.  143. 

•  Mellor,  Ser^,  "Patrol  Aloner  the  South  Shore  of  Great  Slave  Lake  in  Connection 
with  the  liocation  of  the  Wood  Buftalo,"  Report  of  Rosral  Northwest  Mounted  Police,  1910. 

^Mcliood,  Sergt.,  "Vermilion  to  Hay  River  on  Great  Slave  Lake,"  Report  of  Royal 
Northwest  Mounted  PoUce.  1911. 

•  Footner,  Hulbert,  "New  Rivers  of  the  North."  1914. 

•  Akins,  J.  R.,  "29th  Base  Line  between  5th  and  6th  Meridian,"  Report  of  Dnpt  of  the 
Interior,  Toposrraphlcal  Surveys  Branch,  1914. 

10  Akins,  J.  R.,  "6th  Meridian  between  27th  Base  and  Northern  Boundary  of  Alberta,** 
Rept  of  Dept  of  Interior,  Topographical  Surveys  Branch,  1916. 
45497_1| 


Digitized  by 


Google 


4b 

from  2,100  to  2,500  feet  above  iiie  sarrounding  country.  Thie  plateau  eactendft 
flouthward  to  within  16  miles  of  Peace  river  and  the  norlliem  escarpment  is 
clearly  yisible  from  Buffalo  lake  from  which  it  is  not  more  than  80  miles  dis* 
tant.  Oamsell^  reports  the  eastern  limit  to  be  about  8  or  10  miles  west  of  Jack* 
fish  river.  The  western  limit  is  not  visible  from  the  valley  of  Hay  river,  but 
probably  extends  to  within  80  miles  of  that  stream.  These  boundaries  give  the 
plateau  an  area  of  approximately  9,000  square  miles.  Very  little  is  known  con- 
cerning liiis  area.  The  29th  base-line  of  the  Dominion  Land  Surveys  crosses 
the  aoutbem  edge  of  the  plateau  and  Akins'  reports  the  slopes  as  heavily  wooded 
with  spruce  and  jackpine  and  the  top  as  lightly  wooded  with  stunted  spruce 
and  covered  with  moss.  Sei^eant  McLeod"  states  that  a  number  of  lakes  lie 
on  the  top  of  the  plateau,  one  of  which  is  about  the  size  of  Lesser  Slave  kke 
He  traversed  the  plateau  from  south  to  north  and  reports  it  to  have  a  typical 
rolling  topography  characterized  <  by  low  hills  of  glacial  drift  and  muskeg  or 
swampy  lowlands.  Small  moas-f ringed  lakes  abound  and  are  drained  by  numerous 
swift-flowing  creeks.  The  banks  and  valleys  of  t!he  streama  are  composed  of 
clays  and  gravels  and  their  beds  are  full  of  boulders  of  igneous  rocks  washed 
out  of  the  glacial  boulder  clay. 

Southw'est  of  the  Oaribou  Mountain  plateau  and  connected  with  it  by 
the  height  of  land  between  Peace  and  Hay  rivers  is  another  small  plateau^  2,500 
feet  in  elevation,  called  Watt  mountains.  The  intervening  beight  of  land 
between  Peace  and  Hay  rivers  is  about  1,500  feet  in  elevation  and  is  formed 
largely  of  glacial  drift 

Peace  river  from  Fort  Vermilion  downstream  approximately  marks  the 
southern  boundary  of  the  area  under  discussion.  Just  above  Fort  Vermilion 
the  river  lies  in  a  deep  valley,  but  within  a  short  distance  the  banks  fall  away, 
and  from  Vermilion  to  near  the  confluence  of  Jackfish  river  it  flows  through  a 
broad,  gently  rolling  plain  which  on  the  north  rises  gradually  to  Caribou  moun- 
tains. Towards  the  height  of  land  between  Watt  and  Caribou  mountains  this 
plain  is  characterized  by  large,  open  prairie  sections  separated  by  areas  carrying 
a  light  growth  of  poplar  and  willow.  Numerous  prairie  sections,  also,  are  said 
to  diversify  the  plain  area  to  the  east  lying  between  Caribou  mountains  and 
Peace  river.  These  areas  are  well  watered  by  numerous  streams  tributary  to 
Peace  river,  the  most  important  being  Paddle  or  Boyer  river,  and  Caribou, 
Lawrence,  Deer,  and  Jackflsh  rivers. 

Very  little  is  known  of  the  district  lying  to  the  east  of  Caribou  mountains 
and  north  of  Peace  river.  In  the  vicinity  of  Little  Buffalo  and  Jackfish  rivers, 
Camsell*  reports  the  country  to  be  a  gently  rolling  upland  breaking  abruptly  at 
the  200-foot  escarpment  of  the  salt  plains  near  Fort  Smith.  Numerous  muskeg 
and  swampy  areas  occur  between  low  hills  of  glacial  drift  covered  with  jack- 
pine  and  poplar. 

With  the  exception  of  the  traverse  of  Buffalo  river  and  Buffalo  lake  made 
by  the  writer  in  1917  and  described  in  detail  in  later  pages  of  this  report,  the 
whole  of  the  vast  territory  lying  between  Ghreat  Slave  lake  and  Caribou  moun- 
tains and  between  Hay  and  Slave  rivers  is  virtually  unexplored.  Sergeant 
McLeod*  reports  the  country  seen  when  looking  northward  from  the  summit  of 

iCamselU  C,  "Be^on  Southwest  of  Fort  Smith,"  Geol.  Sunr.,  Can.,  Ann.  Kept, 
1902-03.  p.  149. 

SAklns,  J.  R.,  "29th  Base-LIne  between  5th  and  6th  Meridians/'  Ann.  Rept,  Dept.  of 
Interior,  Topographical  Surveys  Branch,  1914-16,  p.  67. 

SMcLeod,  Sergt.,  R.  W..  •'Vermilion  to  Hay  River,  Jan..  09,"  Royal  Northwest 
Mounted  Police  report.  1909,  p.  178. 

4  Camsell,  C,  "Country  Southwest  of  Fort  Smith,"  Geol.  Surv.,  Can.,  Ann.  Rept,  new 
ser.,  vol.  XV,  1902-03. 

•  McLieod,  Sergt  R.  W.,  "Vermilion  to  Hay  River,  Jan.,  09,"  Royal  Northwest 
Mounted  PoUce  Report,  1909,  p.  178. 


Digitized  by 


Google 


5b 

the  Caribou  escarpment  to  be  a  gently  rolling,  well-wooded  plain  dotted  with 
numerous  small  lakes.  Near  the  salt  springs  near  Fort  Smith,  there  are  many 
open  prairie  sections  interspersed  with  areas  supporting  a  light  growth  of  spruce 
and  poplar;  and  much  open  prairie  country  is  said  to  occur  in  the  region  between 
Little  Buffalo  and  Buffalo  rivers.  Slave  river  in  this  part  of  the  area  flows 
through  a  broad  alluvial  plain  of  its  own  making,  the  western  boundary  of 
whksh  is  approximately  Little  Buffalo  river.  South  of  Pine  point  on  Great 
Slave  lake,  tiie  land  rises  with  relative  rapidity  until,  in  a  distance  of  8  miles, 
it  has  an  elevation  of  about  200  feet  above  the  lake-level.  A  narrow  strip  of 
swampy  muskeg  country  lying  at  about  water-level  along  the  lake  shore  appears 
to  have  been  formed  in  lagoons  cut  off  from  the  lake  by  barrier  beaches  of 
gravel  and  sand  and  subsequently  partly  filled  and  reclaimed  by  vegetation.  The 
absence  of  any  large  tributaries  east  of  Buffalo  river  indicates  that  the  height 
of  land  between  this  river  and  Little  Buffalo  river  lies  very  dose  to  the  former 
stream  and  that,  consequently,  the  latrge  area  between  these  two  streams  and 
south  to  Caribou  mountains  drains  chiefly  to  the  east  into  Little  Buffalo  river. 

The  country  west  of  Hay  river  is  little  known.  Akins'^  reports  that  the 
country  for  35  miles  north  of  Hay  river,  adjacent  to  the  6th  meridian,  is  gently 
rolling  and  well  watered  by  numerous  streams  flowing  east  to  Hay  river.  Then 
there  is  an  abrupt  rise  at  the  escarpment  of  Cutknife  hills  to  an  elevation  of 
2,700  feet.  Cutknife  hills  appear  to  be  a  broad,  gently  rolling  plateau  dotted 
with  numerous  small  lakes  which  apparently  drain  westward  to  the  headwaters 
of  Eakisa  river.  Near  Grumbler  rapids  on  Hay  river  the  escarpment  of  Swede 
mountains,  2,500  feet  in  elevation,  shows  to  the  west  at  a  distance  of  about  15 
miles.  The  escarpment  is  apparently  a  continuation  of  that  of  Cutknife  hills 
to  the  southwest  and,  probably,  connects  with  the  Eagle  Mountain  escarpment 
to  be  seen  to  the  south  from  Great  Slave  lake  end  Mackenzie  river.  From  Eagle 
Mountain  escarpment  northward  to  the  lake  shore,  and  between  Hay  and  Eakisa 
rivers,  extends  a  low,  flat,  swampy  country  scarcely  higher  than  Great  Slave 
lake.  It  is  reported  by  the  Indians  to  be  ^dotted  with  small,  shallow  lakes  sepa- 
rated by  stretches  of  muskeg.  An  old  Indian  canoe  route  connects  Hay  and 
E[akisa  rivers  through  these  lakes  and  swampy  areas. 

The  country  to  the  north  of  Great  Slave  lake  and  west  of  the  North  arm, 
Preble^  reports  to  be  '^  a  low,  broad  plateau  dotted  with  many  lakes  and  muskegs. 
It  contains  no  rivers  of  importance  and  is  mainly  rather  thinly  wooded,  though 
a  number  of  large  prairies  occur  in  the  western  part,  north  of  the  outlet  of  the 
lake.**  Seen  from  the  shore  of  the  lake  it  appears  to  be  a  gently  rolling  plain 
with  ridges  of  glacial  drift  separating  low-lying  muskeg  areas  which  stand  only 
slightly  higher  than  the  lake. 

The  region  north  of  Great  Slave  lake  is  underlain  by  the  Precambrian  for- 
mations and  is  rocky  and  rolling,  having  been  heavily  eroded  by  the  Eeewatin 
continental  glacier.  Vegetation  is  scant,  and  confined  to  the  low  ground  between 
the  rocky  ridges,  where  stunted  spruce  and  poplar  grow  in  a  mossy  muskeg  soil. 

HAT  lUVER 

Hay  river,  rising  in  the  foothills  of  the  Rocky  mountains  to  the  north  of 
Fort  St  John,  B.C.,  and  fed  by  numerous  small  streams,  is  one  of  the  largest 
tributaries  of  Great  Slave  lake.  It  crosses  the  6th  meridian  a  few  hundred 
yards  south  of  section  comer  25-114-1.    From  this  point,  though  of  a  meander- 

1  Akins,  J.  R.,  "6th  Meridian— 27th  Base-line  to  60th  Parallel/'  Ann.  Rept,  Dept  of 
Interior,  Topofirraphical  Surveys  Branch,  1916. 

« Preble,  BJ.  A.,  •'North  American  Fauna."  No.  27.  U.S.  Dept  of  Agriculture,  Bureau 
of  Biological  Surver.  1908. 


Digitized  by 


Google 


6b 

ing  character,  it  holds  remarkably  well  its  direction  of  magnetic  north  (north 
35^  W  east  astronomical)  throughout  the  distance  of  226  miles  to  Great  Slave 
lake. 

Throughout  the  26  miles  from  the  6th  meridian  to  the  mouth  of  Meander 
river  at  Hay  River  outpost^  the  river  has  an  average  width  of  200  feet,  and  is 
very  swift  and  brc^en  by  a  succession  of  rapids.  The  valley  is  less  than  half 
a  mile  wide  and  the  adjacent  country  k  gently  rolling,  drift-covered,  and  wooded 
witii  scrubby  spruce  and  poplar,  much  of  whicb  has  been  burnt  over  in  recent 
times. 

North  of  Hay  Eiver  outpost  the  valley  widens  and  shaUows  and  llie  river, 
straightening  its  course,  wid^is  to  400  to  600  feet  and  flows  smoothly  and  slug- 
gishly for  116  miles  through  a  flat  muskeg  and  brfll^  country,  which  is  in  places 
relieved  by  low  hills  of  glacial  drift. 

Devonian  limestones  come  to  the  surface  116  miles  bekw  the  mouth  of 
Meander  river  and  form  low  ramparts  in  the  river  valley  that  cause  the  river 
to  narrow  and  the  current  to  increase.  For  the  next  88  miles,  tapids  occur  in 
quick  succession  wherever  the  channel  has  been  cut  down  to  the  limestones, 
until  finally,  149  miles  below  Hay  River  outpost,  the  river  plunges  106  feet, 
forming  Alexandra  fall.  From  the  fall  the  river  flows  rapidly  for  a  mile  through 
a  narrow  gorge  and  then  makes  a  second  leap  of  46  feet,  forming  Louise  faU. 
The  portage  trail  leaves  the  river  on  the  left  bank  above  Alexandra  fall,  leads 
for  2J  miles  through  e  flat  marafcy  plain  forested  with  white  epruce  and  jack- 
pine,  and  returns  to  the  river  where  the  limestone  cliffs  have  been  broken  down 
to  a  slope. 

The  falls  are  due  to  a  band  of  soft  shale  47  feet  thick  interstratified  with 
massive  bedded  limestones  which  overlie  a  thick  series  of  soft  clay  diales. 
McOonnell^  shows  that  the  rate  of  recession  of  the  falls  has  been  almost  identical 
wilt  that  of  Niagara  falls.  He  says :  "  Niagara  falls  are  generally  regarded  to 
have  receded  6  miles  since  they  were  brought  into  existence  by  the  elevation  of 
the  country  at  the  end  of  the  Glacial  period  and  on  Hay  river  the  distance 
between  the  point  at  which  the  limestone  band  makes  its  first  appearance  and 
the  lower  falls  is  almost  exactly  5  miles  and  between  the  same  point  and  the 
upper  falls  6  miles/' 

Below  Louise  fall  the  river  has  cut  a  narrow  gorge  about  260  feet  deep  in 
the  limestone,  through  which  it  rushes  for  a  distance  of  6  miles  before  it  clears 
the  escarpment.  For  the  succeeding  40  miles  it  flows  with  steadily  diminishing 
velocity  until  about  4  miles  from  the  lake  it  loses  itself  in  a  maze  of  channels 
amongst  the  delta  deposits.  On3y  one  of  these  channels,  however,  finds  its  way 
to  the  lake  separately,  the  others  all  coming  together  and  issuing  as  one  stream 
into  the  lake. 

BUFFALO  LAKE 

Buffalo  lake  covers  approximately  200  square  miles.  It  is  very  shallow,  its 
depth  scarcely  exceeding  10  feet  in  any  place.  Confined  on  the  north  by  a  low 
range  of  hills  of  glacial  drift,  the  lake  acts  as  a  collecting  basin  for  the  waters 
draining  the  northern  slopes  of  Caribou  mountain.  Three  comparatively  large 
streams  flow  into  the  southern  end  of  the  lake.  Eaoh  of  these  is  building  a  delta 
which  is  gradually  encroaching  on  and  slowly  filling  in  this  part  of  the  lake. 
The  whole  shoreline  is  low  and  swampy,  particularly  on  the  south  side,  where 
in  places  willow  and  alder  bushes  are  growing  in  2  feet  of  water.  A  few  islands, 
composed  of  glacial  boulders  of  Precambrian  granites  and  metamorphios,  occur 
along  the  northern  shore.    The  smaller  of  these  resemble  cairns  and  are  bare  of 

1  McCotmelU  R.  O..  "Explorations  in  the  Yukon  and  Mackensie  River  Basins/'  QeoL 
Snrv.,  Can.,  Ann.  Rept.,  new  ser..  pt  D,  voL  IV,  1889. 
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vegetation,  but  upon  the  laiger  ones,  scrubby  spruce,  poplar,  and  willow  bave 
found  a  foothold.  These  islands  represent  outliers  of  the  low,  east  and  west 
glacial  morainal  ridge  that  forms  the  north  diore  of  the  kke.  The  lake  is  evi- 
dently the  remnant  of  a  much  larger  morainal  lake  of  eaxly  postglacial  times. 

BUFFALO  RIVER 

Buffalo  river,  which  discharges  from  the  northeast  comer  of  Buffalo  kke 
into  Ghreat  Slave  lake,  ffows  northwest  6  miles,  cutting  through  the  low  range 
of  hills  that  bound  the  lake  on  the, north.  It  then  makes  a  wide  swing  to  the 
right  and  after  foHowing  a  general  couxee  of  magnetic  north  (north  86  degrees 
east  astronomical)  for  25  miles,  swings  in  another  wide  curve,  known  as  the 
Big  Bend,  after  whioh  it  resumes  e  true  north  course  for  26  miles  to  Ghreat 
Slave  lake.  From  ^Buffalo  lake  to  the  Big  Bend  die  river  valley  is  cut  through 
a  series  of  morainal  ridges  separated  by  flat  muskegs  and  briil^.  The  outside 
of  each  curve  has  a  bank  cut  into  glacial  ckye  and  graveAs.  Boulder  rainds 
separated  by  stretches  of  smooth,  though  swift-running,  water,  are  numerous. 
Below  the  Big  Bend  the  ridges  become  more  numerous  and  of  greater  height 
and  the  cut  banks  frequently  show  sections  of  glacial  clays  and  drift  80  to  100 
feet  high.  Here  the  current  increases  and  thid  river  runs  turbulently  in  a  suo- 
cession  of  rapids  amongst  and  over  the  laige  boulders  washed  from  the  drift. 
At  a  few  places  along  its  course  it  has  cut  into  the  underlying  Devonian  lime- 
stones, forming  low  ramparts  similar  to  those  on  Hay  river.  About  3  miles 
above  its  mouth  it  suddenly  expands  end,  diverging  into  numerous  channels, 
loses  itself  in  a  braided  channel  amongst  limestone  gravel  bars.  These  divergent 
streams  reunite  in  a  single  stream  which  foices  its  way  through  a  low  barrier 
of  glacial  drift  to  Great  Slave  lake. 

The  volume  of  water  carried  by  the  river  is  subject  to  rapid  fluctuation  due 
to  the  shallow  nature  of  Buffalo  lake  in  whioh  it  has  its  source. .  Even  compara- 
tivdy  Hght  winds  cause  waves  that  quickly  raise  the  level  of  die  lake  on  the 
windward  side.  During  strong  winds  a  rise  of  2  feet  or  more  in  the  level  of 
the  Hake  was  noticed  and  when  the  wind  blows  in  the  direction  of  the  outlet  the 
discharge  down  /the  river  is  greatly  increased. 

LITTLE  BUFFALO  RIVER 

Little  Buffalo  river  rises  in  Oaribou  mountains  and  follows  an  easterly 
course  towards  Slave  river.  It  then  swings  north  and  closely  parallels  Slave 
river  to  Great  Slave  lake.  It  crosses  the  60th  parallel  of  latitude  28  miles  west 
of  Fort  Smith  end  a  portage  7  miles  long  connects  it  with  Salt  river  near  Fort 
Smith. 

Little  Buffalo  river  from  the  end  of  this  portage  to  near  its  headwaters  at 
the  base  of  the  Oaribou  plateau  was  examined  by  C.  Camsell*  in  1902.  He 
reports  a  series  of  three  falls  occurring  about  6  miles  above  (the  portage,  giving 
a  total  drop  of  71  feet.  The  falls  are  probably  caused  by  an  outcrop  of  lime- 
stone overlying  gypsum  beds  similar  to  the  Salt  River  escarpment  Camsell 
mentions  no  fossils  from  these  limestones,  but  they  probably  represent  a  Middle 
Devonian  horizon. 

A  traverse  of  Little  Buffalo  river  from  Salt  River  portage  to  Great  Slave 
lake  was  made  in  1920.  The  river  averages  00  to  70  feet  in  width  throughout 
the  distance,  has  an  exceedingly  meandering  course,  but  presents  no  hindrance 
to  canoe  navigation. 


*  ^f*^''  ^-  **I^«^on  Southwest  of  Port  Smith,"  CteoL  Sunr.,  Can.,  Ann.  Kept,  new 
voL  3nr.  10AS.09  »»    a 


■er.,  VOL  XV,  1902-03,  pL  A. 


Digitized  by 


Google 


8b 

For  the  upper  85  miles  it  borders  an  east-facing  eecaipment  Tarying  from 
40  to  150  feet  in  iheiglit.  This  escarpment  is  a  continuation  of  the  Salt  Biyer 
escarpment  and  in  all  exposures  Devonian  dolomite  limestones  overlie  the  gyp- 
sum series.  Gypsum  creek,  a  small  stream  fed  by  springs  in  a  sink-hole  on  the 
edge  of  the  escarpment,  enters  from  the  left  about  25  miles  below  Salt  Hiver 
portage,  and  s/lightly  above  this  creek  a  portage  7  miles  long  connects  the  river 
with  Slave  river  at  Le  Grand  Detour.  Below  Gypsum  creek  the  escarpment  is 
not  so  high  and  swings  west,  and  no  rock  outcrops  are  met  with  until  the  mouth 
of  Log-jam  creek  is  reached,  40  miles  above  the  mouth  of  Little  Buffalo  river. 
At  the  mouth  of  Log-jam  creek  a  bed  of  flat-lying  limestones  causes  a  small 
rapid,  the  only  one  between  Salt  Biver  portage  and  Great  Slave  lake.  The 
/  limestones,  which  are  just  bdow  water-level,  carry  a  fauna  closely  allied  to  that 
p^__f ound  in  the  limestones  «\hA"^  Bftft^|u,ti;>Ti.  Log- jam  credc  was  ascended  about 
'  16  miles.  It  flows  through  a  flat  muskeg  country  that  has  no  pronounced  relief; 
and  it  exposes  no  bedrock  except  just  at  its  mouth.'  Below  the  creek  the  valley 
walls  of  Little  Buffalo  river  are  low  and  the  adjacent  country  is  a  flat  muskeg. 
An  escarpment  about  200  feet  high  shows  to  the  west  for  liie  last  15  miles,  biit 
no  rock  outcrops  in  the  valley. 

KAOKENZIE  RIVEB 

Mackenzie  river,  where  it  leaves  Great  Slave  lake,  is  divided  by  Big  island 
into  two  channels.  The  southern  one  has  a  width  of  7  miles  at  the  lake,  but 
in  5  miles  narrows  to  4  miles  and  becomes  choked  with  islands.  It  carries  the 
main  flow  of  water  and  is  used  by  the  steamers,  yet  is  shallow  and  navigation 
in  low  water  is  difficult  The  current  here  has  a  velocity  of  at  least  S  miles  an 
hour.  The  north  channel  has  a  width  of  about  a  mile  and  a  half  where  it  leaves 
the  lake,  in  only  a  few  places  exceeds  2  feet  in  depth,  and  shows  very  little 
current  until  close  to  its  junction  with  the  main  channel  at  the  lower  end  of 
Big  island.  Below  Big  isknd,  Mackenzie  river  keeps  an  average  width  of  about 
4  miles  for  a  distance  of  20  miles  and  shows  only  a  very  slight  current.  This 
part  of  the  river  is  known  locally  as  Beaver  (Eakisa)  lake  and  is  reported  to 
be  rarely  more  than  12  feet  deep. 

EAKISA  RIVER 

Kakisa  river,  which  enters  the  Mackenzie  from  the  south  about  25  miles 
below  Great  Slave  lake,  was  ascended  for  8  miles,  to  Lady  Evelyn  falls.  It  is 
swift  and  shallow  and  almost  unnavigable.  The  adjacent  country  is  a  low  mus- 
keg with  occasional  ridges  of  glacial  drift  which,  where  crossed  by  the  river, 
form  typical  boulder  rapids.  About  6  miles  above  its  mouth,  Devonian  lime- 
stones make  their  flrst  appearance  in  the  valley,  forming  low  cascades  where  the 
river  cuts  across  the  beds.  The  valley  here  is  from  60  to  80  feet  deep  and  shows 
heavy  deposits  of  glacial  material  overlying  the  limestones.  Two  miles  farther 
upstream  is  Lady  Evelyn  fall  where  the  river  drops  48  feet  over  a  limestone 
cfliff.  This  fall  is  caused  in  the  same  way  as  Alexandra  fall  on  Hay  river.  The 
limestones  exposed  are  the  same  as  those  that  form  l/ouise  fall;  but  the  over- 
lying shales  seen  on  Hay  river  have  thinned  out;  consequently  Alexandra  fall 
on  Hay  river  is  here  represented  by  a  long  series  of  low  cascades  from  d  to  15 
feet  high.  No  gorge  is  developed  below  the  fall,  though  the  valley  walls  are 
steep  and  show  occasional  cliffs  of  limestones. 

GREAT   SLAVE   LAKE 

R.  G.  McOonnell,^  in  1887,  accorded  to  Great  Slave  lake  a  superficial  area, 
including  islands,  of  approximately  10,400   square   miles    and    ranks  it  fifth 

iMcConnell.  R.  O.,  "An  Exploration  In  the  Yukon  and  Hackensle  Basins,  N.W.T./' 
Oaol.  Surv.,  Can.,  Ann.  Rept.,  pt.  D,  new  ser.,  vol.  ni,  1888*89. 
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among  the  great  lakes  of  the  continent,  being  ezoeeded  by  Superior — dlfiOO, 
Horoi^— 28,800,  Kichigan— 22,800,  and  Great  Beaz^ll,400  square  milea.  Cal- 
culations based  on  the  Dominion  of  Canada  Railway  map,  issued  1914,  slightly 
increase  the  areas  of  Great  Bear  and  Great  Slave,  giving  them  11,900  and 
10,700  square  miles  respectively.  Great  Slave  is  divided  into  three  arms  as  fol- 
lows: West  arm — ^5,480  square  milee,  East  arm — i,120  square  miles,  end  North 
arm — 1,150  square  miles.  The  writer's  surv^  of  the  north  shore  of  the  West 
arm  supplies  more  accurate  data  for  calculating  the  area  of  this  part  of  the 
lake;  it  indicates  an  area  of  7,880  square  miled,  thus  increasing  previous  esti- 
mates by  2,400  square  miles.  This  increase  gives  Great  Slave  lake  a  total  area 
of  18,100  square  miles,  or  an  excess  of  1,700  square  miles  over  Great  Bear  lake, 
and  places  it  fourth  among  the  great  lakes  of  the  continent. 

Great  SHave  lake  is  about  800  miles  long  and  in  one  place  is  over  60  miles 
wide.  It  had  originally  the  form  of  a  great  cross  with  one  arm  penetrating 
the  Precambrian  crystalline  schists  and  two  others  stretching  north  and  south 
along  the  edge  of  the  protasis;  the  fourth  extended  over  the  flat-lying  Palseozoic 
sediments  to  the  west.  The  southern  arm  has  been  completely  silted  up  and 
obliterated  by  Slave  river. 

The  East  arm,  stretching  about  200  miles  to  the  east  of  Slave  river,  has  an 
irregular  outline  and  is  dotted  with  many  rocky  islands.  The  water  is  said  to 
be  very  deep  and  clear  and  to  abound  in  fish  of  various  kinds.  The  country 
north  and  east  of  this  arm  is  described  by  Back^  as  one  of  bare,  round-backed 
hills  and  ridges  that  rise  gradually  from  the  water's  edge  to  a  height  of  1,000 
to  1,200  feet 

The  North  arm,  situated  opposite  the  mouth  of  Slave  river,  has  a  width  at 
its  mouth  of  nearly  40  miles.  Its  eastern  shore  is  a  rugged,  rocky  country  with 
many  low,  rocky  islands  offshore;  whereas  the  western  shore  is  flat,  with  sandy 
beaches  and  occasional  wave-cut  cliffs.  The  eastern  shore  was  surveyed  and 
examined  in  1899  by  J.  M.  BelP;  the  western  shore  has  been  surveyed  and  geo- 
logically mapped  by  G.  S.  Hume,  of  the  Geological  Survey,  since  the  time  of 
the  writer's  visit  to  the  lake.' 

Exploration  and  examination  of  the  western  part  of  the  lake — ^here  referred 
to  for  convenience  as  the  West  arm — formed  the  major  part  of  the  writer's 
field  work  in  1916.  Although  a  very  large  expanse  of  open  water,  and  free  from 
islands  beyond  10  miles  from  shore,  it  is  everywhere  shfillow,  and  sand-bars  and 
reefs  are  reported  to  occur  many  mil^  out.  It  is  slowly  being  filled  by  material 
brought  down  by  Slave  river,  and  the  water,  especially  along  the  southern  shore, 
is  seldom  entirely  free  from  suspended  matter.  Towards  the  north  shore  the 
water  is  clearer,  but  even  there  a  distinct  cloudiness  is  noticeable  and  it  is  not 
until  the  northeastern  shore  is  reached  in  the  vicinity  of  the  mouth  of  the  north 
arm,  that  the  water  becomes  clear.  Sediment-laden  waters  are  again  observable 
in  the  vicinity  of  ile  les  Bass6e  and  ile  du  Large,  though  they  are  more 
than  80  miles  from  the  mouth  of  Slave  river.  The  prevailing  northeast  winds 
cause  an  accumulation  along  the  south  shore  of  immense  quantities  of  drift- 
wood which  sometimes  takes  fire  and  is  often  the  starting  i>oint  of  destructive 
forest  conflagrations.  Piles  of  this  wood  100  and  more  feet  wide  and  several 
feet  high  are  frequently  to  be  found  extending  for  miles  along  the  shore. 

The  lake  abounds  in  fish  of  many  kinds,  whioh  should  furnish  a  profitable 
industry  when  the  country  to  the  south  becomes  more  settled  and  freight  rates 
are  reduced.    Whitefish,  jackfish,  and  trout  are  abundant,  individual  trout  fre- 

iBack,  Captain  Georse.  ''Narrative  of  an  Arctic  Iiand  Bzpedition  to  the  Mouth  of 
Great  Fish  River  and  Alon^  the  Shores  of  the  Arctic  Ocean  in  the  Tears  1833-84-85." 

« Explorations  In  Mackenzie  District:  Geol.  Surv..  Can.,  Ann.  Rept,  new  sen,  ToL 

Xn.  1899.  p.  108  A;  ToL  XUI,  1890.  p.  58  A;  vol.  XII,  pt.  C. 

*  GeoL  Sunr.,  Can.,  Sum.  Rept,  1920,  pt.  B. 
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quentiy  eiiceediiig  50  pounds  in  weiglit.  There  is  also  taken  fiom  the  lake  the 
inoonnn,  or  ^conie,''  the  edible  qualities  of  which  all  but  equal  that  of  the 
northern  whitefish.  The  inoonnu  is  ezdusiYedy  a  northern  species  and  is  never 
found  soutii  of  Fort  Smith. 

Description  of  the  Shores  of  Qreai  Slave  Lake 

The  south  e^re  from  Stoney  island  west  to  Little  Buffalo  river  is  formed 
of  delta  dqiosits  from  Slave  river  that  mark  approximately  the  mou-di  of  the 
pre-existing  south  arm.  These  fluvial  deposits  of  crossbedded  sands  and  silts 
are  intimately  associated  with  lacustrine  deposits  of  a  somewhat  earlier  i>eriod 
which  extend  as  far  south  as  Fort  Smith.  In  places  they  are  wcfll  covered  with 
an  abundant  growth  of  excellent  spruce.  At  Resolution  a  low  range  of  hills 
rises  above  the  silts  and  extends  west  into  tiie  lake,  forming  Mission  and  Moose 
islands  and,  still  farther  west^  Burnt  islands. 

From  the  mouth  of  Little  Buffalo  river,  which  marks  the  western  limit  of 
the  delta  deposits,  the  shoreline  is  characterised  by  wide,  shallow  bays  separated 
by  low,  gravelly  or  rocky  points.  Usually  each  bay  has  a  gravelly  or  sandy 
beach  behind  which  lies  a  narrow  stretch  of  low,  swampy  muskeg  or  shallow,  open 
lagoon.  South  of  Pine  point  the  ground  rises  gently  inland  until  at  a  distance 
of  some  10  miles  it  reaches  an  elevation  of  300  feet  above  the  present  lake-leveL 
Th»  slope  is  well  wooded  with  spruce,  jackpine,  and  popdar  and  carries  numerous 
well-developed  old  lake  beaches  which,  extending  in  long,  gentle  curves,  tend 
to  follow  the  outline  of  the  present  lake  shore.  West  of  the  mouth  of  Buffalb 
river  the  shoreline  is  generally  low-lying  and  swampy  with  few  pronounced 
points. 

West  of  a  line  drawn  from  Hay  river  to  Slave  point  on  the  north  shore,  the 
shores  of  the  lake  are  formed  presumably  of  soft  shales,  and  ihe  adjacent  Hand 
is  low-lying  and  swampy.  Long  stretches  of  spruce  and  tamarack  muskegs 
reach  inland  from  the  lake.  These  are  bounded  on  the  south  by  Eagle  moun- 
tains but  the  northern  limit  is  not  visible  from  the  lake.  Along  this  part  of 
the  Aore,  Precambrian  erratics  are  abundant  and  frequently  occur  far  enough 
offshore  to  endanger  navigation.  This  part  of  the  lake  is  very  shallow  and  the 
shoreline  in  most  places  is  formed  of  boulder  pavements  embedded  in  a  soft 
blue-to-grey  clay.  Short,  narrow  points  formed  of  boulders  derived  from  the 
Precambrian  rocks  east  of  the  lake  are  very  numerous,  particularly  in  the 
deep  bay  north  of  the  outlet,  and  boulder  reefs  occur  at  long  distances  from  the 
shore.  AHl  the  points  have  a  tendency  to  parallel  the  direction  of  glacial  move- 
ment. 

From  Slave  point  the  shore  runs  north  for  about  40  miles^  then  east  for 
25  miles,  and  then  swings  in  a  wide  circle  to  the  north  arm.  The  entire  shore- 
line shows  clearly  the  effects  of  excessive  glacial  action.  Many  deep,  narrow 
bays  stretch  inland  approximately  parallel  to  one  another  in  a  direction  about 
south  60  d^rees  west  magnetic,  or  north  85  degrees  west  (astronomical).  That 
this  direction  is  paradlel  to  the  glacial  movement  is  shown  by  well-marked  strisB 
on  Nintsi  point. 

The  heads  of  the  bays  are  in  most  cases  low  and  swampy,  like  those  on  the 
south  shore,  and  show  a  well-developed  boulder  pavement  of  material  derived 
from  the  Precambrian  rocks  to  the  east.  Wide  marshes,  in  many  cases  con- 
taining large  open  sloughs,  stretch  inland  from  the  bays.  On  the  broader  points 
low,  wave-cut  cliffs  in  the  limestone  occur,  though  frequently  the  cliffs  are 
situated  some  distance  inland  from  the  present  lake  shore.  The  narrow  points 
show  boulder  pavements  embedded  in  limestone  gravels  derived  from  the  under- 
lying sediments.     A  certain  percentage  of  the  boulders    are   probably  glacial 
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erratk8»  but  undoubtedly  the  large  ^lajori1y  iieve  been  derived  from  the  glaeial 
drift  near  the  lake  Aore  and  from  the  lake  bottom,  and  have  been  ice-rafted 
to  their  present  position. 

Distinct  barrier  beaches  of  limestone  shingle  are  developed  wherever  the 
bedrodc  outcrops  at  water-leveL  Many  of  these  extending  in  long,  gentle  curves 
enclose  shallow,  partly  filled  lagoons. 

The  inland  country  north  of  the  lake  is  a  low  spruce  and  tamarack  muskeg 
cftightly  higher  than  ibe  lake,  with  numerous  long,  nurrow  Mils  risinig  100  to 
150  feet  above  lake-leveL  The  hills,  in  many  caees^  show  low,  wave-cut  cHffs, 
facing  lakewards,  at  elevations  above  the  present  li^e-leveL  Above  and  below 
these  cliffs  are  numerous  old  Qake  beaches  formed  of  limestone  gravels  waiAied 
out  of  the  cliffs  and  clearly  indicating  changes  in  the  level  of  the  lake  during 
early  post-Olacial  times. 

One  of  the  pronounced  features  of  this  region  is  the  absence  of  drainage 
towards  the  lake.  Throughout  the  entire  136  miles  of  ehoreMne  between  Mac- 
kenzie river  and  the  North  arm,  only  one  smaU  stream  was  found  entering  the 
lake. 

The  North  arm  marks  the  contact  of  the  Precambrian  rocks  on  the  east 
with  the  PaliBOzoic  sediments  on  the  west;  consequently  the  northeast  shore, 
whidi  is  formed  of  Precambrian  rocks,  has  a  character  entirely  different  from 
tbe  others.  It  is  rocky  throughout  and  for  the  most  part  sparsely  wooded  except 
in  the  hollows.  Boldly-oarved  and  rounded  hills  of  igneous  and  metamorphic 
rocks  break  off  abruptly  at  the  lake,  and  offshore  are  numerous  irregularly- 
shaped,  rocky  islands.  The  shore  is  indented  with  many  narrow  bays  and  inlets 
which  are  mostly  deep  and  afford  exx^ellent  harbourage  for  small  craft. 


GENERAL  GEOLOGY 

DISTRIBUTION   OF  FORMATIONS 

Exc^t  where  the  Precambrian  rocks  reach  the  surface,  almost  the  whole 
of  the  vast  district  under  consideration  is  mantled  with  a  heavy  covering  of 
glacial  drift,  lacustrine,  and  fluvial  deposits.  Consequently,  the  underlying 
sediments  outcrop  infrequently,  mostly  in  the  river  valleys  where  the  erosive 
power  of  the  rivers  has  cut  through  the  superficial  beds,  or  on  the  shores  of  the 
lake  where  ice  and  wave  action  have  played  a  similar  part.       • 

The  section  of  the  region  under  consideration,  which  lies  n]orth  of  lihe  60th 
parallel  of  latitude,  is  underlain  by  flat-lying  Palseozoic  sediments  of  Silurian, 
Middle  Devonian,  and  Upper  Devonian  age.  No  distinctly  Lower  Devonian 
sediments  were  observed  and  probably  are  not  represented  in  the  area.  The 
stratigraphy  ae  a  whole  resembles  that  of  Manitoba,  except  that  the  Ordovician 
and  much  of  the  Silurian  are  absent.  There  also  Tyrrell^  was  unable  to  locate 
outcrops  carrying  a  definite  Lower  Devonian  fauna. 

At  Little  rapids  on  Peace  river,  soft  shales  carrying  Upper  Devonian  fossiU 
were  found  by  Kindle  unconformably  overlying  the  massive  gypsum  beds. 
Exposures  of  the  Gypsum  series  elsewhere  in  the  district,  however,  as  on  Slave 
river  and  at  the  salt  springs  near  Port  Smith,  show  these  beds  to  be  overlain . 
by  limestones  carrying  Middle  Devonian  fossils  and  this  seems  to  be  the  correct 
sequence  of  the  strata. 

South  of  the  60th  parallel  the  area  between  Oaribou  mountains  and  Slave 
river,  and  the  Peace  Biver  valley  as  far  west  as  Vermilion  chutes,  are  also 

iTyireU,  J.  B.,  'TReport  on  North  Weat  Manitoba,*'  GeoL  Surv.,  Can.,  Ann.  Rept, 
now  ser.,  voL  V,  1890. 
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underlain  by  Devonian  and  Silurian  sediments.  At  tlie  cbutes.  Upper  Devonian 
limestones  equivalent  to  the  limestones  on  Hay  river  and  the  Chemung  lime- 
stones of  New  Yorky  are  exposed.  At  Little  rapids  on  Peace  river  and  at  several 
points  on  Slave  river  in  the  vicinity  of  Fort  Smith,  limestones  carrying  gypsum 
beds  are  exposed,  which,  on  fossil  evidence,  are  equivalent  to  the  Gypsum  and 
Upper  dolomitic  ilimestones  of  Upper  Silurian  age  found  east  of  lakes  Manitoba 
and  Winnipegosis,  in  Manitoba. 

In  the  valley  of  Hay  river  above  Ghrumbler  rapids  and  on  Peace  river  above 
Vermilion  chutes,  soft  Oretaceoue  shales  are  exposed.  On  Peace  river  these 
have  been  called  by  McConnell^  the  Loon  Biver  shales  and  are,  probably,  equiva- 
lent to  the  iClearwater  shales  and  tar  sands  of  the  Athabaska  Biver  section. 
The  Cretaceous  shales  on  Hay  river  are  lithologically  similar  to  the  Loon  River 
shales,  but  lack  of  definite  palseontological  evidence  makes  it  seem  advisable  to 
give  them  a  separate  nomenclature  and  simply  suggest  the  correlation. 

The  plateau  areas  shown  on  the  map  (No.  1585),  so  far  as  is  known,  show 
no  rock  in  situ,  but  their  topographical  forms  indicate  them  to  be  outliers  of 
the  Cretaceous  sediments  found  on  Peace  river  to  the  west  and  south.  They 
probably  contain  representatives  of  the  Peace  Biver  sandstones.  Fort  St.  John 
shales,  and  Dunvegan  sandstones  of  McConndl's  Peace  River  section.  They 
appear  to  be  plateaus  of  circumdenudation  carved  out  of  horizontal  beds  of  the 
Cretaceous,  like  BircSi  mountains  and  Buffalo  Head  hills  to  the  south  of  Peace 
river. 

Three  unconformities  break  the  continuity  of  sedimentation  during  the 
PalBBOzoic  period  in  this  region.  It,  therefore,  follows  that  any  given  geological 
boundary  may  involve  widely  different  formations  in  different  parts  of  the 
region.  The  greatest  of  these  unconformities  is  that  at  the  top  of  the  Pre- 
cambrian.  The  hiatus  here  includes  the  late  Precambrian,  the  Cambrian,  Ordo- 
vician,  and  part  of  the  Silurian.  The  incursion  of  the  Silurian  sea  into  this 
region  engulfed  an  old  land  surface  of  well-developed  hills  and  valleys.  Some 
of  these  hills  were  at  least  lOO  feet  high  and  it  is  most  probable  that  many  of 
ihem  had  not  been  entirely  buried  under  sediments  when  the  Silurian  sea  with- 
drew. In  Middle  Devonian  time  the  sea  re-invaded  a  region  of  old  Silurian 
sediments  which  were  doubtless  broken  here  and  there  by  low  knobs  of  Precam- 
brian rocks.  The  warping  and  surface  inequalities  developed  during  lihe  lower 
Devonian  erosion  interval  left  a  highly  uneven  surface,  parts  of  which  were 
submerged  and  covered  by  Middle  Devonian  sediments,  and  other  parts  remained 
uncovered  until  Upper  Devonian  time.  The  third  great  unconformity  of  the 
section  cuts  out  all  the  intervening  formations  between  the  Upxmr  Devonian 
and  the  Cretaceous.  A  further  unconformity,  representing  the  long  Tertiary 
time  interval  immediately  preceding  the  Clacial  period,  marks  the  contact  of 
the  Quaternary  and  Cretaceous  beds. 

The  several  formations  are  indicated  in  the  following  table,  together  with 
a  probable  correlation  with  a  composite  Peace  Biver,  Manitoba,  and  New  York 
section.  From  this  table  it  is  evident  that  lithological  evidence  alone  is  not 
sufficient  to  deduce  the  stratigraphical  succession  in  the  map-area.  The  order 
in  which  the  strata  were  laid  down  and  the  suggested  correlations  with  the 
composite  section  are  based  upon  collections  of  fossils  made  by  the  writer  from 
type  localities  and  identified  by  E.  M.  Kindle. 


1  McConnell,  R.  O.,  fDUtrict  of  Athabaska,"  Geol.  Surv.,  Can.,  Ann.  Rept.,  new  eer., 
pt  D.  VOL  V,  1890-91. 
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Table  of  FarmaHom 


Period 

Formation 

Description 

Thick- 
ness 

Correlatkm 

1 

Quaternary 

River  and  lake  de- 
poeito 

Sands,   silts,   and   cravel 
beaches 

Feet 

Agassis  silts,  gravels, 
and  deposits  of  pres- 
ent rivers 

Glacial  deposits... 

Till  and  boulder  clays 

Glacial  till 

Contact  unconjcrmable 


Cretaceous. 


Meander  shales. 


kMt,  greei 
sandstone  beds  and  con- 
cretions 


Loon  River  shales 


Conlaet  not  expoted,  probably  uncor^formabU 


Hay    River    lime- 
stones 

Hard    dolomitic    lime- 
stones, shaly  limestones, 
limy  shales 

300 

Chemung 

Devonian 

Shaly     limestones,      soft 
clay  shales  with  lime- 
stone, sandstone  and 
ironstone  bands 

400 

Simpson  shales 

Greenish  ifny  clay  shales, 
weathenng     to     fissile 
shale 

250 

Portage 

Slave    Point    lime- 
stones 

Grey  shaly  limestones... 

200 

Manitoba  limestones 

Middle 
Devonian 

Presqu'ile  dolo- 
mites 

Hard    crystalline   dolo- 
mites,  dolomitic   lime- 
stones, thin  beds  grey 
shaly  limestone 

876 

Winnipegosan  dolo- 
mites 

Pine  Point  lime- 
stones 

Soft,    grey,    shaly    lime- 
stones,   blue    to    black 
thin-bedded  hard  lime- 
stones,  grey   to   brown 
shaly  limestones 

695 

Elm  Point  limestones 

Contact  unconformable 


Silurian 


Fitif[eral4 
mites 


Id  dolo- 


Red  beds. 


Gre^  dolomitic  limestones 
with  gypsum  and  anhy- 
drite 


Red  calcareous  shale,  red 
gypsum,  salt,  and  red 
arenaceous  shale 


276 


696 


Gypsum  and  Upper 
limestone  of  Mani- 
toba 


Contact  unconformable 


IVecambrian. 


Hard  red  sandstones, 
granite 
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The  following  is  a  summary  of  Kindle's  report  on  these  collections: 
SUurias^  The  Silurian  fauna  is  r^resented  by  a  eingle  speeinien  of  lime- 
stone showing  a  coral  closely  allied  to  if  not  identical  with  the  well-known 
Ouelph  species  Pycnostylus  guelphenaia.  This  specimen  was  collected  from  a 
point  on  the  north  shore  of  the  lake  about  5  miles  west  of  Gypsum  point.  The 
same  fossil  has  been  found  by  Kindle  in  dolomitic  limestones  overlying  gypsum 
beds  on  Peace  river  and  at  outcrops  of  Palsdozoic  sediments  on  Slave  river  above 
Fort  Fitzgerald.  The  beds  which  furnish  this  coral  fauna  have  been  named  the 
Fitzgerald  dolomites. 

Middle  Devonian.  The  faunules  from  the  south  diore  of  Great  Slave  lake 
may  be  groujped  in  three  lots. 

^       The  first  group  was  collected  from  exposures  in  the  vicinily  of  Pine  point 
V  and  furnished  the  following  species: 

I  Favo9it99  sp.  nr  UmitarU  Liorhynehut  gf^ 

I  Cyathophyllum  riohardaoni  ProducteUa  sp. 

Zaphrentia  tnofarlani  Stropheodonta  ap. 

!  Sponflre  spicules  (HyaloBtelia)  Atrypa  retUmlaria 

I  atyUoHna  fUsurella  Martinia  tuhlineata 

!  Chonet99  puaiUaf  ProetU9  ap. 

This  fauna  suggests 'a  palsontological  correlation  with  the  Elm  Point  for- 
mation of  the  Manitoba  section.  The  beds  containing  this  fauna  have  been 
called  the  Pine  Point  limestones.  They  represent  the  oldest  Devonian  forma- 
tion in  the  region. 

The  second  group  was  collected  from  exposures  on  Presqu'ile  point  and 

furnished  the  following  species: 

AoHnoBtroma  cf.  nodulatum  Nicholson  Martinia  sp. 

FavoBitea  cC.  limitariB  Strinoooephaiua  hurHmi 

Atrypa  apinoaa 

The  presence  in  the  f  aunule  of  8,  hurtini,  first  found  at  Presqu'Oe  point  by 
"Mr.  Eondle,  indicates  the  equivalence  of  this  horizon  to  the  limestone  at  the 
Ramparts  on  lower  Mackenzie  river  and  to  the  Winnipegosan  dolomites  of  the 
Manitoba  section.  The  beds  containing  this  fauna  have  been  called  the 
Presqu'ile  dolomites.    They  immediately  overlie  the  Pine  Point  limestones. 

Kindle^  has  recently  discussed  the  significance  of  8.  hurtini  and  the  asso- 
ciated fauna  in  Devonian  correlation.  It  has  been  shown  to  occur  throughout 
most  of  the  length  of  the  Mackenzie  basin.  This  important  guide  fossil  of  the 
Middle  Devonian  is  widely  known  in  Europe,  but  curiously  enough  has  never 
been  found  south  of  Oanada.  The  8,  hurtini  fauna  of  the  Mackenzie  Middle 
Devonian  is  thus  closely  related  faunally  to  the  Middle  Devonian  of  Europe 
and  the  British  Isles  and  rather  sharply  contracted  with  the  faunas  of  the  same 
general  horizon  in  the  United  States. 

The  Upper  Devonian  fauna  of  this  section  is  on  the  other  hand  most  closely 
related  to  the  Upper  Devonian  of  the  United  States  as  the  list  of  fossils  in  a 
later  i>aragraph  shows. 

The  third  group,  collected  from  •Sulphur  point,  contains  only  a  few  fossils 

and  these  are  poorly  preserved.    Species  identified  included: 

Cyathophyllum  riohardaoni  RaHoularia  sp. 

Martinia  sp. 

On  the  north  shore  of  the  lake  similar  limestones  are  exposed  about  Slave 

point  and  are  to  be  found  overlying  Presqu'ile  dolomites  in  the  hills  north  of 

Sulphur  bay.    From  this  last  locality  the  following  fossils  were  collected : 

Atrypa  retioularia  OyrtHia  hamtttonenaia 

Atrypa  apfinoaa  Bchi$K>phoria  atriatula 

Rhynehonella  ouhoidea  Mwrehiaonia  sp. 

1  "The  Distribution  of  Stringocephdlita  hurtini  In  Canada,"  Trans.  Roy.  Soc  Can., 
VOL  16,  8d  ser.,  1921,  pp.  21-24. 
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This  ia  the  most  Tepresentatiye  collection  from  these  beds  and  the  presence 
of  C.  hamUUmentU  indicates  that  these  beds  are  probably  equiyalent  to  the 
Manitoba  formation  of  the  Manitoba  section.  The  beds  containing  this  f aima 
haye  been  named  the  Slave  Point  formation. 

Upper  Devonian,  Upper  Devonian  sediments  are  exposed  in  the  valley  of 
Hay  river  and  on  Peace  river  at  Vermilion  chutes.  Fossils  collected  represent 
the  same  general  fauna  which  is  listed  below: 

Phaupsaatrea  hennahi  BohiMoph&ria  atriatuta 

HaUophifUum  pafvulum  CyrHna  hamUUmenait 

CUtdapora  sp.  Crtmcvna  cf.  iowenaia 

Btromatopora  sp.  Bpirifer  whUneyi 

Hederatta  oanadenaia  Bpirifar  cC.  auhattenuatua 

Bplror^ia  ompkaloidea  Atrppa  ratioiilaria 

ProduetaUa  sp.  Atrypa  aplnoaa 

BtropheodonU^  ap.  P<»racyclaa  sp. 

Camarotoaohia  sp.  BaUarvphon  sp. 

This  fauna  correlates  with  the  upper  part  of  the  Iowa  Devonian  and  with 
the  Chemung  of  New  York. 

Thichneea  of  the  Section.  With  the  exception  of  the  section  exposed  on 
Hay  river  no  exposures  of  the  sediments  show  a  complete  section  through  ev^i 
one  formation.  Hay  river  gives  a  fairly  complete  and  measurable  section 
through  the  Upper  Devonian,  at  least  to  the  bottom  of  the  Hay  River  shales, 
and  shows  a  total  thidmess  of  about  700  feet  No  exposures  of  Simpson  shales 
occur  in  the  map-area  but  they  are  assumed  to  underlie  the  Hay  River  shales. 
An  estimate  based  on  Eindle's  report  of  the  sections  exposed  at  Simpson^ 
would  indicate  250  feet  as  a  maximum  thickness  for  these  beds.  The  Slave 
Point  limestones  are  exposed  only  locally  and  their  thickness  can  at  present  only 
be  assumed.  About^^  feet  of  recrystalliced  dolomites  of  the  Presqu'ile  forma- 
tion are  exposed  above  water-level  at  Nintsi  point  The  remainder  of  this  forma- 
tion and  the  thickness  of  the  underlying  formations  down  to  the  Precambrian  are 
shown  in  the  log  of  the  Imperial  Oil  Company's  oil  well  drilled  at  Nintsi  point 
during  the  summers  of  1920  and  1921,  given  on  page  16. 


1  Kindle,  B.  M.,  G«oL  Boty,,  Can.,  Sum.  Kept,  1920,  pt.  B. 
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If  en  Log 


Thiek- 


Depth 


dolomites 


Middle 
Deronian 


Sand  and  broken  rock 

Light  crey  dolomite 

Dark  brown  dokunitio  limestone. . 

Light  brown  dolomitio  limeetoae. . 

Soft,  grey,  thaly  limestone 

Mottled,  partly  reaystallised  dolo- 
mitio limestone 

Soft,  grey,  shaly  limestone 

Mottled,  partly  reerystallised  dofe- 
mitio  limestone 

Soft,  grey,  shaly  limestone 

Mottled,  partly  reorsrstallised  dok>- 
mitio  limestone 


Feet 

• 
1ft 
1ft 
ftO 
1ft 

2ft 
ft 

2ft 
ft 

14 


Pine  Point 
limestones 


Grey,  shaly  limestone 

Hrad  grev  limestone 

Brown,  shaly  limestone 

Hard,  black  limestone 

Brown,  shahr  limestone 

Hard,  grey  Umestone 

Dark  grey  limestone 

Grey,  shaly  limestone 

Dark  grey  limestone 

Li^t  grey,  shaly  limestone. 


18ft 
IftZ 
33 
20 
30 
80 
30 
fiO 
ftO 
40 


21 
36 
8ft 


Feet 

0- 

6- 
21- 
36- 

86-    101 

101-    126 
126-    131 

131-    Iftft 
lft6-    161 

161-    17ft 


17ft-  340 

340-  497 

497-  ft30 

530-  ftftO 

ftftO-  ftSO 

ftSO-  60O 

600-  630 

630-  680 

680-  730 

730-  770 


Fitigerald 
dolomites 


Light  brown  dolomitic  limestone 

Grey  dolomitio  limestone  with  gsrp- 
sum 

Gypsum 

Grey  d<^mitic  limestone  with  gyp- 
sum  

Gjrpsum  and  anhydrite 


20 

110 
10 

70 
Oft 


Silurian 


Red  beds 


Red  shale  with  gypsum  and  salt.. . 

Reddish  stainedsalt 

Salt : 

Red  shale  with  salt  and  gypsum.. . 

Gsrpsum 

Dark  shale  with  gypsum  and  salt . 

^  Salt 

'Red  shale  with  gypsum 

Red  shale  with  gypsum  and  salt.. . 

Reddish  stained  salt 

Gynsum  and  anhydrite 

Red  shale  with  gypsum  and  salt.. . 


2ft 
20 
30 
20 
40 
20 
20 
40 

120 
10 
10 

240 


770-  790 

790-  900 
900-  910 

910-  980 
96O-l,04ft 


1,045-1.070 
1.070-1.000 
1.090-1,120 
1.120-1.140 
1.140-1.180 
1,180-1,200 
1.200-1.220 
1.220-1.260 
1,260-1,380 
1.380-1,390 
1.390-1.400 
1.400-1,640 


Precambrian 


Red  sandstone 

Brownish  red  sandstone. 
Granite . . 


20 
90 
ft6 


1.640-1,660 
1,660-1,750 
1,750-1,806 


The  well  was  started  in  Presqu'ile  dolomites  at  an  elevation  of  about  15 
feet  above  lake4eveL 


DESCRIPTION  OP  FORMATIONS 

Frecatrnbrian 

Hocks  of  Precambrian  age  are  exposed  on  the  northeastern  shores  of  Great 
Slave  lake  and  the  islands  lying  to  the  south  of  them.  Where  examined,  ihej 
were  found  to  be  granites  and  gneisses  overlain  bj  greenstone  schists  and 
metamorphics.     On  some  of  the  iles  du  OLarge,  coarse,  white  guartidtes  ore 
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abundant  and  occasional  deiK>8it8  of  ferrnginoua  limeatonee  and  some  siderite 
were  noted. 

Bobert  BeU^  reported  sediments  of  probably  Animikie  or  Lower  Cambrian 
age  CO,  the  eastern  arm  of  the  lake,  but  none  were  seen  by  the  present  writer. 

Silurian  Sediments 

91aye  river  marks  approximately  the  western  boundary  of  the  Precambrian 
shidd  and  ei|>OBes  at  several  places  the  contact  between  the  Precambrian  and 
the  Palsosoic.  The  Precambrian  floor  is  gently  undulating  and  the  PabDOZoio 
sediments  follow  the  undulations.  The  thicker  sections  expose  gypsum  beds 
under  Umestones  and  dolomites  which  carry  a  Middle  Devonian  fauna.  The 
gypsum  beds — best  exposed  on  Peace  river  near  Little  rapids  and  in  the  escarp- 
ment at  the  saUt  springs  west  of  Fort  Smith — are  interbedded  with  dialy  lime- 
stones carrying  Upper  Silurian  fossils. 

In  all  the  exposures  on  Peace  and  Slave  rivers,  Middle  or  Upper  Devonian 
sediments  immediately  overlie  the  Oypsum  series  of  Upper  Silurian  age  and 
Kindle  has  proved  that  at  Little  rapids  an  erosional  unconformity  exjsts 
between  these  two  series. 

The  following  notes  have  been  compiled  from  Oamsell's  report?  upon  the 
sections  exposed  on  Peace  and  Slave  rivers: 

^  The  section  exposed  on  Peace  river  shows  as  follows : 

Peet 

Boulder  clay  and  gravels  of  glacial  origin 6  to  20 

Limestone— «rglUaceous  and  sometimes  sandy — ^fossils. 

Dolomites,  fractured  and  broken 10  to  80 

Oypsum  beds up  to  50 

The  section  is  exposed  on  the  banks  of  Peace  river  for  about  18  miles  in 

cliffs  which  rise  20  to  00  feet  above  the  level  of  the  river.    The  fossils  from 

the  limestones  yidded  the  following  species: 

Bpirorhia  sp. 
Atrypa  retioularia 
BcM/Mphoria  ttriatula 
CyrtHida  curvilineata 

These  indicate  an  horizon  of  Middle  Devonian  age.^ 
Kindle,  wbrking  on  the  section  in  1917,  found  a  well-developed  fauna  of 
Silurian  age  in  the  Gypsum  series  and  has  proved  that  an  erosional  uncon- 
formity exists  between  these  beds  and  the  limestone  series  from  which  Oamsell 
obtained  his  fossils.  Elindle  reports  eftialy  members  carrying  fossils  equivalent 
to  the  Ithaca  phase  of  the  Portage  of  New  York  lying  ^'  in  situ  ^  in  erosional 
and  solution  cavities  in  the  Oypsum  series,  and  suggests  that  during  Lower 
Devonian  times  land  areas  existed  here  which  were  subjected  to  erosion,  and 
large  sink-holes  were  formed  in  the  Silurian  sediments  similar  to  those  now 
found  in  the  PalsBozoic  series  near  the  salt  springs  west  of  Fort  Smith. 

On  the  west  bank  of  Slave  river  opposite  La  Butte,  Camsell  obtained  two 
secticms.  The  northern  one  e^ows  10  feet  of  gypsum,  thin-bedded  and  impure, 
overlain  by  20  feet  of  a  fractured  and  broken  limestone  similai*  to  that  on 
Peace  river. 

The  other  section  shows  as  follows: 

Feet 

Massive  limestone^fossils 5 

Pebbly  limestone 10 

Brecclated  limestone,  bituminous 6 

Grey  limestone,  thin-bedded 10 

1 ''Kackensle  DistHct.-  GeoL  Surv.,  Can..  Sam.  Rept,  pt  H.  Ann.  Rept,  new  ser., 
▼oL  Xn,  1899,  p.  108  A. 

t  Camsell,  C,  "Salt  and  Oypsum  Deposits  In  the  District  between  Peace  and  Slave 
Rivers.  Northern  Alberta."  GeoL  Surv..  Can.,  Sum.  Kept,  1816. 
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The  beds  undulate  irith  dipe  up  to  15  degrees  end  thifl^  togeUier  with  the 
fact  that  one  of  the  beds  has  been  fractured  and  brecdated,  suggests  the  pm- 
senoe  of  a  bed  of  gypsum  beneath.  Precambrian  granites  are  exposed  to  the 
^southeast  within  a  few  hundred  yards. 

The  f oseib  collected  from  the  upper  bed  of  this  section  yielded  die  follow- 
ing species: 

Atrypa  fvHonIorCt 
Mart*»4a  mihVmeaU 
Orihoeero^-^l  90. 

These  indicate  a  Kiddle  Devonian  age,  but  the  presence  of  gypsum  in  the 
northern  eection  end  the  eridence  suggesting  its  presence  in  the  other  imply 
that  parts  of  the  section  at  least  are  of  Silurian  age. 

A  number  of  good  exposures  occur  on  the  banks  of  Slare  river  between 
Stoney  and  Caribou  islands,  12  to  20  miles  above  Fitzgerald,  and  most  of  these 
sections  show  the  contact  betwen  the  Precambrian  and  the  Palsosoic 

The  Stoney  Island  section  shows  the  following  series: 

Feet 
Ltmetone,  lisrht-coloured,  manlTe,  gradlna  down  Into  a  dmrk 

grey,  dolomltic  Umestone €+ 

Sandstones     and     conalomerates,     arkose,     sranite.       Coane- 

arainod,  porphyritic 8 

The  upper  limestone  contains  a  seam — one-half  inch  thick — of  black, 
bituminous  shale. 

The  Caribou  Island  section  shows  at  die  base  a  siliceous  hornblende  granite, 
jointed,  fractured,  and  decomposed.  Over  this  is  an  arkose  about  10  feet  tiiidc 
of  angular  granite  fragments  becoming  finer-grained  at  the  top  and  passing 
gradually  upwards  into  a  dark  grey  dolomitic  limestone  which  is  exposed  only 
beneath  the  drift  for  a  thickness  of  6  feet. 

Camsell  obtained  no  fossils  from  these  sections,  but  Kindle  found  a 
Silurian  fauna  in  both  the  Caribou  and  Ston^  Island  sections  and  refers  the 
dolomitic  limestones  of  both  sections  to  a  late  Silurian  horizon  (verbal  state- 
ment). 

The  escarpment  at  the  salt  plains  on  Sah  river  west  of  Fort  Smith  is  £rom 
150  to  200  feet  high,  but  shows  no  complete  section  anywhere  through  its 
length.  From  fragmentary  sections  it  is  evident  that  the  lower  part  of  the 
escarpment  is  occupied  by  gypsum,  whereas  the  top  consists  of  a  bed  of  dark 
grey,  dolomitic  limestone  in  which  no  fossils  were  noted.  Both  the  gypsum 
beds  and  the  dolomitic  limestones  are  believed  to  be  of  Silurian  age  and  to 
correspond  in  horizon  to  the  gypsum  cliffs  at  Peace  point. 

The  Salt  Kiver  escarpment  extends  northward  down  the  west  side  of  Little 
Buffalo  river  for  a  distance  of  about  35  miles  and  then  appears  to  swing  west- 
ward towards  Buffalo  river.  Along  Little  Buffalo  river  it  varies  in  elevation 
from  50  to  150  feet  above  the  valley.  Light  to  dark  grey  doHomitic  limestones 
overlie  the  gypsum  series.  No  fossils  were  collected  from  the  gypsum  beds, 
but  the  limestones  yielded  a  fauna  indicating  a  Middle  Devonian  horizon. 

Below  Fort  Smith  Palsozoic  rocks  are  exx>osed  at  two  points,  but  the  out- 
crops are  small.  At  Bell  rock,  a  square,  massive-looking  cliff  7  miles  below 
Fort  Smith,  a  yellowish,  brecciated  dolomitic  limestone  is  underlain  by  gyp- 
sum. A  second  exposure — on  the  point  on  the  east  side  of  the  river  just  below 
pointe  Ennuyeuse — shows  4  feet  of  thin-bedded,  impure,  grey  gypsum  under- 
lying a  fossiliferous,  grey,  shaly  limestone,  from  which  the  following  fossilfl* 
indicating  a  Middle  Devonian  horizon,  were  collected. 

Favo9U€9  cf.  hamiltonm 
Airy  pa  spinoaa 
Martinia  cf.  meriatoideB 
Martinia  cf.  Bublineata 
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Tlie  oocurrence  of  gypsum  indicates  that  Silurian  sediments  immediatdy 
underlie  tbe  Ki^Ue  Deronian. 

Near  Gypsum  point  on  Great  Slave  lake,  most  of  the  outcrops  are  poor, 
though,  at  the  point  itself,  a  cliff  about  20  feet  high  gave  one  eection.  On 
the  south  shore  of  the  first  point  west  of  Gypsum  point,  angular  blocks  of  dolo- 
mitic  limestone  4  feet  to  8  feet  square  are  strewn  along  the  beach,  and  thougb 
not  actually  in  place  can  ihaye  come  only  from  the  immediate  vicinity.  Thfe 
limestones,  which  are  dark  grey,  very  porous,  and  weather  easily,  are  medium 
to  fine-grained  and  higMy  fossiliferous,  but  the  fossils  are  poorly  preserved. 
The  presence  of  Pycnostylus  guelphensis  places  these  limestones  in  the  Upper 
Silurian,  and  suggests  the  correlation  with  the  dolomite  gypsum  series,  out- 
cropping west  of  Fitzgerald. 

At  Gypsum  point  the  following  section  was  obtained: 

Feet 

Thin-bedded,  badly  fractured,  flne-gralned.  soft  limestone  quite 
arenaceous  and  brick  red  In  colour.  It  Is  quite  porous, 
contains  no  fossils,  but  has  vugs  filled  with  soft  crystal 
fiLunules  and  weathers  to  a  pebbly  material 4 

Bed  of  a  brick  red  gypsum  with  some  sandy,  brick  red  shales 

Interbedded li 

Fissile,  sandy  shales,  brick  red  In  colour,  and  thin  stringers 
of  more  or  less  pure  gypsum.  Shaly  material  shows  ripple- 
marks,  mud-cracks,  and  rain-pitting 2 

liassive,  bedded,  brick  red,  fine-grained  sandstone,  hard,  and 
flaggy,  containing  angular  clear  quarts  fragments.  Bottom 
not  exposed 10 

The  lake  beaches  in  the  vicinity  of  the  point  and  along  the  west  Aote  of 
the  north  arm  of  the  lake  show  the  characteristic  red  colour  of  these  beds. 

The  contact  between  these  beds  and  the  overlying  grey  dolomite  lime- 
stone series  mentioned  above  is  not  exposed  on  the  lake  shore.  The  log  of  the 
Imperial  Oil  Company's  oil  well  at  Nintsi  point,  previously  gjivea,  shows  a 
thickness  of  275  feet  of  dolomitic  limestones  interbedded  with  gypsum  and 
anhydrite,  lying  between  the  lower  shaly  limestones  of  the  Pine  Point  forma- 
tion and  the  Bed  beds. 

In  view  of  Eindle's  determination  of  the  Silurian  age  of  the  Oypsum 
series  at  Little  rapids  on  Peace  river  and  in  the  exposed  sections  along  Slave 
river  above-  Fitzgerald,  and  the  apparent  continuity  of  this  series  northward 
it  is  assumed  in  this  report  that  gypsum  horizons  elsewhere  noted  indicate 
Silurian  sediments,  and  they  have  been  so  mapped. 

Middle  Devonian 

Middle  Devonian  sediments  found  in  the  area  under  discussion  have  been 
subdivided  on  lithological  and  palffiontologicai  evidemse  into  three  formations: 
in  descending  order,  the  Slave  Point  limestones,  Presqu'ile  dolomites,  and  Pine 
Point  limestones.  The  palseontological  evidence,  as  already  shown,  tends  to 
correlate  these  respectivdy  with  the  Manitoba  limestones,  Winnipegosan  dolo- 
mites, and  Elm  Point  limestones  of  the  Manitoba  section  of  Tyrrell  and 
Kindle* 

Pine  Point  Limestones.  Sediments  of  this  formation  outcrop  in  the 
neighbourhood  of  Eesolution  and  Pine  point  on  the  south  shore  and  on  the 
north  shore  to  the  north  and  west  of  Kolon  island  and  probably  as  far  west 
as  House  point. 

Near  Resolution  and  on  Mission  island  the  sediments  are  thin-bedded, 
grey  limestones,  medium  to  fine-textured.     In  some  beds  the  light  grey,  fine- 

1  Kindle.  B.  M.,  "The  Silurian  and  Devonian  Section  of  Manitoba,*'  Qeol.  Surv.,  Can., 
Sum.  Rept.,  1912,  p.  248. 

46427— 2i 


Digitized  by 


Google 


20b 

textured  limestone  is  mottled  with  blotches  of  a  darker  grey,  coarser-grained 
material.  Some  beds  are  very  fine-grained,  darker,  and  slightly  bituminous. 
Small  fissures  and  veinlets  of  pure  white  calcite  are  numerous.  Fossils  col- 
lected from  this  locality  in  1920  yielded  the  following  fauna: 

Atrypa  retioulariB,  var.  o 
Atrypa  tpinoaa 
MartiMa  auhlineata 
Cyrtina  iix 

Produotella  apinuUooBta 
Paraoyolaa  cf.  elliptioa 
Pleurotomaria  sp. 
EiiomphaliL9  8p. 
Proetua  cf.  mundulua 

The  abundance  of  A,  reticularis  var.  a  is  oonapicuous  and  the  horizon  may 
be  conveniently  termed  the  Atrypa  reiicularia  tone. 

In  the  vicinity  of  Pine  point,  thin-bedded  bituminous  limestones,  grey  to 
black  in  colour  and  in  places  very  shaly,  outcrop  on  a  slight  anticlinal  struc- 
ture. These  beds  though  Uthologically  dissimilar  belong  on  palflBontological 
evidence  to  the  same  series  as  the  soft  grey  limestones  alf  Resolution,  though 
somewhat  higher  in  the  series.  Keference  has  already  been  made  to  the  fossil 
collections  made  at  this  point  in  W16.  A  further  collection  made  in  1920 
yielded : 

Atrypa  retioularU,  var.  o 

Atrypa  apinota 

Produotella  apinuliooBta 

Chonetea  sp. 

Liorhynohut  sp. 

Martinia  riohardaoni 

Martinia  ouhUi^eata 

Stropheodonta  sp. 

Orthooeriu  sp. 

Proetua  cf.  mundulua 

An  abundance  of  Martinia  richardsoni  is  characteristic  of  this  horizon  and 
it  may  be  conveniently  called  the  Martinia  richardsoni  zone  of  the  Pine  Point 
formation. 

The  bede  are  mostly  thin-bedded  limestones,  in  some  cases  black  and  made 
up  almost  entirely  of  small  brachiopods  (M,  richardsoni  and  M,  suhlineata), 
and  in  others  grey  to  blue-black  in  colour,  containing  numerous  nodules  which 
weather  out  characteristically,  giving  an  uneven  surface  to  the  beds. 

Near  the  crest  of  the  hills  south  of  Pine  point  and  underlying  massive 
dolomitic  limestones  carrying  Stringocephalus  hurtini  occur  thin-bedded,  ehaly 
grey  limestones  carrying  Martinia  richardsoni,  Proetus  cf.  mundulus,  and  other 
Pine  Point  fossils.  Theg©  beds  are  assumed  to  represent  the  top  .of.  the  Ping 
Point  formation. 

No  exposures  Bhowing  a  measureable  thickness  of  the  Pine  Point  forma- 
tion were  seen  either  at  Besolution  or  about  Pine  point  The  estimated  thick- 
ness given  in  the  table  of  formations  ie  based,  therefore,  on  the  log  of  tUe 
Nintsi  (Windy)  Point  well. 

In  the  valley  of  Little    Buffalo   river    exposures    north    of    the  gypsum 

escarpment  are  few.    At  one  point  about  28  to  80  miles  above  the  mouth,  and 

just  at  the  junction  of  Log-jam  creek,  the  river  cuts  down  into  a  highly  fossili- 

ferous  limestone  bed.     The  limestones  are  light  grey  in  colour,  thin  bedded 

and  interbedded  with  limy  grey  shale.    Fossils  collected  included: 

Favdaitea  cf.  hamUtonm 
Atrypa  retUmlaria,  var.  a 
Atrypa  apinoaa 
Martinia  auhlineata 
Paraoyclaa  cf.  elliptica 
Pleurotomaria  sp. 
Buomphalua  sp. 
Proetua  cf.  mundulua 
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This  horizon  is  tmdoubtedly  referable  to  the  Atrypa  reHcularis  zone  of  the 
Pine^Point  formation. 

Limestones  directly  overlying  gypsum  beds  on  Oypsom  credc,  tributary  to 
Little  Buffalo  river  80  miles  north  of  the  portage  between  Salt  river  and  Little 
Buffalo  river^  yielded  the  following  fauna: 

FavoBiteM  cf.  hamUUmm 
CyrHna  sp. 
Produotella  sp. 
ParaeyeUu  sp. 
BuomphdluB  ap. 
Pleurotamaria  mq. 

This  horizon  also  shows  affiliations  with  the  Pine  Point  formation. 

On  the  north  shore  of  the  lake  on  a  projection  between  Jones  and  House 
points,  a  low,  wave-cut  cliff  situated  about  76  feet  above  lake-level  exposed 
the  following  section: 

Feot 
Thin-bedded,  light  grey  shaly  Umestones  carryinflr  between  the 
bedding  planes  a  fissile  shale.    Limestones  are  fine-grained, 
even  textured,  and  weather  to  semi-round  fragments..    ..  12 

Blue-grey  weathering  limestones,  thin-bedded  and  argillaceous. 
Some  beds  hard  and  flaggy  and  characterised  by  worm 
tracks,  mud-cracks,  and  an  abundance  of  crinoid  fragments  4 

Bottom  not  exposed. 

This  section  is  closely  comparable  with  some  of  the  beds  forming  the  top  of 
the  Pine  Point  formation  exposed  in  the  high  land  south  of  Pine  point  on  the 
south  shore. 

Along  House  point  and  in  the  bay  to  the  north  no  outcrops  occur  on  the 
shores,  but  the  lake  beaches,  in  places  forming  distinct  barrier  beaches,  show 
angular  fragments  of  limestone  very  similar  to  that  seen  in  the  above  section. 
Jn  the  low  hills  to  the  west  of  Moraine  point  e  steep  escarpment  facing 
east  exposes  thin-bedded  shaly  limestones  interbedded  with  fissile  shaly  layers. 
The  limestones  are  light  grey  in  colour  and  weather  to  nodular  and  semi-round 
fragments.    They  appear  to  be  the  same  as  those  exposed  near  House  point* 

No  fossils  were  obtained  from  any  of  these  exposures  and  correlation  with 
exposures  on  the  south  shore  is  of  necessity  based  upon  lithological  similarity. 
On  the  mainland  north  of  Kolon  island  and  about  House  point  occur  a 
few  outcrops  of  a  thin-bedded,  dark  brown  limestone.  About  one-quarter  of  a 
mile  inland  from  the  lake  shore  a  low,  wave-cut  cliff  80  feet  above  water-level 
exposes  the  following  section: 

Feet 

Irregularly  jointed,  thin-bedded,  grey  limestone 8 

Even-bedded,  fine-grained,  hard,  grey  limestone 8 

Foesillferous,    irregularly   Jointed   limestone   interbedded   with 

grey,  shaly  layers 8i 

Ehren-bedded,  more  massive,  fine-grained  light  grey  limestone . .  2 

Bottom  not  exposed. 

Fossils  collected  from  this  exposure  yielded : 

MarUnia  auhlineata 
Martinia  riohardaoni 
ParaoyoloM  UrcUa 

Thoy  suggest  correlation  with  the  Pine  Point  formation  of  the  south  Aore 
section. 

Presqu'tle  Dolomites.  The  Presqu'ile  formation  consists  of  hard,  fine- 
grained bituminous  dolomites  and  dolomitic  limestones  interbedded  with 
softer,  thin-bedded,  grey  limestones.  Some  beds  are  completely  recrystallized 
dolomites.  They  i>re  exposed  capping  the  escarpment  south  of  Tine  point  and 
about   Presqu'ile   point  on   the  south   shore,    and    abundantly    about   Nintsi 
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(Windy)  point  and  in  the  liills  north  of  Sulphur  bay  on  the  'north  shore.  In 
most  exposures  they  are  characterized  by  the  presence  of  8ttingoeeti^alu$ 
hurtini  and  may  be  conveniently  termed  the  8.  hurtini  zone.^ 

The  beds  capping  the  escarpment  south  of  Pine  point  are  li^fht  brown, 
coarse-grained  dolomitic  limestones.  They  weather  to  a  sandy-looking  surface. 
Fossils  collected 'included: 

Favoaitea  Umitaria 
Cyathophyllum  sii. 
Atrypa  retUmlaria 
Marttnia  sp. 
atringocephalua  hurtini 

Farther  south  in  the  vicinity  of  the  lead-zinc  deposits  the  country  rode  is 
a  coarsely  crystalline,  cavernous,  and  massive-bedded,  white  dolomite.  The 
cavities  are  frequently  lined  with  characteristio  curved  rhombohedral  crystals  of 
dolomite.  Bitumen  is  entirely  absent  and  no  fossils  were  observed.  Large 
sink-holes  are  numerous  and  expose  a  few  feet  of  section  in  most  cases.  On 
lithological  grounds  these  beds  may  be  correlated  with  similar  dolomites 
exposed  about  Nintsi  point  and  there  shown  to  be  of /the  Presqu'ile  formation. 

On  the  middle  islands  of  the  Burnt  Island  group  east  of  Pine  point  there 
are  outcrops  of  a  dolomitic  limestone  similar  to  those  foimd  about  Presqu'ile 
point  and  carrying  the  following  fauna: 

Favoaitea  Umitaria 
CyathophyUum  wp, 
Atrypa  retioularia 
Atrypa  apinoaa 
Martinia  sp. 
atringocephalua  hurtini 

The  dolomitic  limestones  which  outcrop  just  at  water  level  about  Presqu'ile 
point  expose  no  great  thickness  of  section.  They  are  grey  to  white  weathering 
porous  dolomitic  limestones.  On  fresh  fracture  they  show  a  dark  to  gr^-black 
colour  and  have  considerable  bitumen  in  the  cavities.  They  are  characterized  by 
an  abundance  of  fossils  and  are  the  type  locality  for  the  Presqu'ile  series.  The 
fossil  collection  made  in  1916  has  already  been  given.  A  further  collection 
made  in  1920  yielded  the  following  species: 

Aulopora  sp. 

Cyathophyllum  et  cmapitoaum 

Cyathophyllum  sp. 

Favoaitea  Umitaria 

Cladopora  sp. 

Aotinoatrom^i  cf.  nodulatum  Nicholson 

Btromatopora  sp.  f 

Atrypa  retioularia 

Atrypa  apinoaa 

Chonetea  sp. 

<hfpidula  et  comia 

Bpirifer  sp. 

Stringooephalua  hurtini 

On  the  north  shore  of  the  lake  at  BrfQ6  point  a  low,  wave-cut  cliff  exposes 
the  following  section: 

Feet 
Thin  band  of  wormy-looklnff,  somewhat  bituminous  limestone.  i 

White  weatherlniT*  almost  white,  compact  dolomitic  limestone, 

composed  largely  of  stromatoporolds 6i 

Light  cream  weathering  limestone  composed  largely  of  fossils 

embedded  in  a  soft  grey  limestone 4 

liassive-bedded,  grey  weathering,  light  grey,  soft  limestone. ...  8 

Thin-bedded,   compact,  hard,   flne-grained   dolomitic  limestone, 

red  brown  to  grey  In  colour,  somewhat  bituminous 2 

Bottom  not  exposed. 


Digitized  by 


Google 


FosbIIb  oolleoted  from  the  above  eection  included: 

OyaihophpUum  sp. 

Favoaite9  IHnitaria 

Cladapara  sp. 

AoHnowtromQ  of.  nodulatum  Nlcholflon 

Atrypo  r€ticulari8 

Martinia  cf.  merUtoide^ 

Pleurotowunria  w^ 

CdlUmema  ap. 

Mr.  Kindle  has  stated  that  the  presence  of  Actinostroma  cf.  nodulatum 
suggests  the  correlation  of  these  beds  with  the  Presqu'ile  dolomites  exposed  on 
the  south  shore  at  Presqu'ile  point.  The  discovery  of  8tringocephdlu$  burtini 
or  some  other  diagnostic  fossils  is  needed,  however,  to  strengthen  the  present 
available  evidence  of  the  correlation. 

Similar  beds  are  exposed  all  along  the  shores  of  Nintsi  point  and  aban- 
doned lake  beaches  of  angular  fragments  of  the  limestones  are  found  inland 
for  some  distance,  many  of  them  at  elevations  up  to  160  feet  above  the  present 
lake  level.  A  low  barrier  beach  of  limestone  shingle  extends  around  the  east 
shore  of  Nintsi  pointy  enclosing  a  shallow,  partly  filled  lagoon. 

Where  exposed  near  Nintsi  point  and  Sulphur  bay  they  are  massive-bedded, 
generally  coarsely  crystalline,  porous,  and  cavernous  dolomites.  The  weathered 
surface  is  white  to  light  grey  and,  the  rock  being  hard  and  resistant  to  erosion, 
glacial  action  has  well  scoured  the  surface,  leaving  but  little  detrital  covering. 
Well-developed  glacial  gouging  and  strisB  indicate  a  general  movement  of  the 
ice  in  a  direction  eouth  60  degrees  west  magnetic  or  north  85  degrees  west 
astronomical  Fresh  fractures  frequently  show  a  mottling  of  fine-grained, 
dark  brown,  bituminous,  dolomitic  limestone  against  a  background  of  white, 
coarse-grained,  partly  crystalline  dolomite.  Large  caverns  and  pores  are 
numerous  and  are  frequently  lined  with  dolomite  crystals  and  filled  with  semi- 
liquid  bituminous  matter. 

The  rocks  are  badly  fractured  in  two  general  directions,  north  75  degrees 
east  and  north  25  degrees  east  magnetic  The  fissures  are  sometimes  filled  with 
a  pure,  clear,  crystalline  calcite,  but  more  frequently  are  open  and  from  them 
and  from  between  the  bedding  planes  of  the  dolomites  issues  e  heavy  petro- 
leum which  collects  into  oil  and  tar  pools.  Strong  flowing,  cold  water  sulphur 
springs  frequently  accompany  the  tar  seepages,  leaving  deposits  of  sulphur  and 
sulphur  salts  and  occasionally  carbonaceous  salts  of  lime  and  magnesia. 

Slave  Point  Limestones,  Sediments  of  the  Slave  Point  series  outcrop  on 
the  south  shore  at  Sulphur  point  and  on  Buffalo  river  near  Mellor  rapids.  On 
the  north  shore  they  show  on  Slave  point  and  on  the  tops  of  the  hills  north 
of  Sulphur  bay. 

Buffalo  river  near  Mellor  rapids  has  cut  through  the  overlying  glacial 
drift  and  exposed  low  ramparts  of  grey  weathering,  light  grey,  fine-grained, 
and  thin-bedded  limestones  that  are  slightly  bituminous  and  carry  numerous 
but  poorly  preserved  fossils.  Exposed  surfaces  of  the  beds  are  rough  weather- 
ing and  nodular  owing  to  the  more  resistant  qualities  of  the  fossil  material. 
Some  beds  show  as  distinctly  bituminous  lime  eludes  weathering  to  light 
colours. 
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Eafit  of  Sulphur  point  a  low,  wave-cut  cliff  exposes  the  following  section: 

Feet 

Old  lake  beach  of  angular  fragments  of  white  weathering  lime- 
stone   3 

Orey-weatherlng,  thin-bedded  limestones  and  limy  shales.  L*ight 
grey,  medium-grained,  and  hard.  Shaly  bands,  weather 
pebbly  and  are  argillaceous;.    L4ttle  or  no  bitumen 4f 

Orey  weathering,  fine-grained,  slightly  more  massiye-bedded, 
light  grey  limestone.  Contains  some  fossils  and  Is  slightly 
bituminous.  Carries  one  thin  band  of  fissile  dark  shale 
about  the  centre  of  section 2 

Highly  fossUiferous,  porous,  bituminous  limestone,  dark  grey 

to  brown  in  colour,  medium-grained  and  hard li 

Smooth-weathering,  blue-grey  to  grey  shalea  Bituminous,  and 
somewhat  fossUiferous.  Is  ouite  limy  and  grades  to  thin- 
bedded  limestones  below  water-level i 

No  outcrops  of  sediments  were  noted  between  Sulphur  point  and  High 
pointy  but  the  lake  beaches  are  composed  largely  of  small,  ang^ular  fragments 
of  slightly  bituminous  limestone  similar  to  those  found  on  Sulphur  point  and 
up  Buffalo  river.  Strong-flowing,  cold  water  sulphur  springs  occur  on  Sulphur 
point,  on  the  shore  east  of  HEgh  point,  and  in  the  banks  of  Buffalo  river  near 
the  limestone  outcrops. 

On  die  north  shore  of  Slave  point  thin-bedded,  grey,  fine  to  medium-grained 
limestones  ontcrop  just  at  water-level  but  expose  no  thickness  of  strata. 
Weathered  surfaces  of  the  beds  show  a  rough  nodular  appearance  due  to  weather- 
ing out  of  the  fossils. 

On  the  crest  of  the  hills  lying  to  the  north  of  Sulphur  bay  and  overlying 
partly  recrystallized  dolomites  a  thin  band  of  shaly  limestones  suppHed  the 
following  fossils: 

Atrypa  retioularU 
Atrypa  9ptno9a 
BhynchaneUa  ouhoidea 
Cyrtina  KamiUoneJMiB 
Bohiaophoria  strlotttZa 
JfttroatooM^o  q^ 

This  is  liie  most  representative  collection  from  the  Slave  Point  series  and 
the  presence  of  Cyrtina  JuKniltonenM  indicates  that  these  sediments  are  prob- 
ably equivalent  to  the  Manitoba  formation  of  the  Manitoba  section. 

The  limestones  are  exposed  only  as  a  capping  and  are  mostly  on  the  west 
lAopes  of  the  hills  slightly  below  the  crest,  where  they  have  been  protected  from 
glacial  erosion  by  the  more  resistant  qu|ilities  of  the  underlying  dolomites. 
Dips  as  high  ae  12  degrees  have  been  noticed  in  these  beds^  but  they  are 
believed  to  be  only  local  and  the  average  inclination  probably  does  not  exceed 
40  feet  to  the  mile. 

Upper  Devonian  [ 

Sediments  of  Upper  Devonian  age  have  been  subdivided  on  lithological 
and  palffiontological  evidence  into  the  following  formations,  in  descending 
order:  Hay  River  limestones,  Hay  Hiver  shales,  Simpson  shales.  On  pabeon- 
tological  evidence  Hay  River  limestones  and  shales  appear  to  be  equivalent  to 
the  Chemung  formation,  and  Simpson  shales  to  the  Portage  formation,  of  the 
New  York  section. 

Simpson  Shales.  These  shales,  lying  between  the  Hay  River  shales*  above 
and  the  Slave  Point  limestones  below  do  not  outcrop  in  the  area  omder  considera- 
tion. They  are  exposed,  however,  in  the  Mackenzie  valley  near  Simpson  and 
are  considered  to  lie  directly  and  conformably  below  the  Hay  River  shales. 
They  carry  fossils  analogous  to  those  found  in  the  Portage  formation  of  New 
York. 
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The  shores  of  Ghreat  Slave  lake  -west  of  a  line  drawn  from  High  point  to 
Slave  point  are  characterized  by  low,  sandy  or  muddy,  marshy  flats  and  appear 
to  have  been  gouged  out  of  the  soft  Simpson  and  Hay  River  shales  by  glacial 
action.  It  is  assumed  that  most  of  this  part  of  the  lake  is  underlain  by  these 
Simpson  shales  and  it  has  been  mapi>ed  accordingly,  the  boundaries  being 
approximate.  The  major  portion  of  Buffalo  Biver  valley  must  also  lie  in  these 
shales,  but  no  outcrop  of  any  sediments  overlying  the  limestones  near  Mellor 
rapid  was  noted,  the  neighbourhood  being  heavily  mantled  with  glacial  drift 

£.  M  Ki^dle^  gives  the  following  description  of  the  Simpson  ehales  near 
Simpson. 

*^  On  the  northeastern  bank  of  the  Mackenzie  river  opposite  Simpson,  green- 
ish grey  clay  shale  outcrops  in  horizontal  beds  exposing  a  thickness  of  about 
140  feet.  This  shale  is  without  limestone  bands  and  is  almost  or  quite  free 
from  thin  sandstone  bands.  It  weathers  to  small  flakes  of  fissile  shale.  Excel- 
lent exposures  of  this  shale  occur  on  both  sides  of  the  Mackenzie  about  20 
miles  above  Simpson.  Along  tbis  portion  of  the  river  the  banks  expose  a  sec- 
tion from  50  to  150  feet  thick.  Fossils  are  scarce  except  in  certain  narrow 
bands  of  the  shale  which  are  not  likely  to  be  located  without  considerable 
searching.  In  the  eaet  bank  of  the  river,  about  5  miles  above  Rabbitskin  river, 
fossils  were  found  in  a  section  exposing  about  65  feet  of  greenisb  to  bluish 
grey  shales.    These  include  the  following  species: 

OyrHma  sp. 

Buohiola  retrio9triata 
Paraoardiufn  doriaf 
Bntomit  9erruto9triata 
BntomU  vQTio9triata 

This  is  a  Portage  fauna  and  indicates  that  the  beds  which  it  diaracterizes 
should  be  correlated  with  the  Portage  of  New  York. 

^  Neither  the  top  nor  the  bottom  of  this  formation  hae  been  observed,  but 
the  beds  which  immediately  follow  are  well  exposed  in  the  Hay  River  section 
and  carry  the  Spirifer  disjuncius  fauna.  The  latest  beds  preceding  it  wbich 
have  been  observed  in  the  Qreat  Slave  Lake  section  are  those  outcropping  at 
Sulphur  point." 

Hay  Biver  Series.  Qay  river,  from  near  Qrumbler  rapids  to  its  delta,  has 
cut  through  a  thick  deposit  of  Upper  Devonian  sediments  which  on  palsonto- 
logical  evidence  may  be  correlated  with  the  Chemung  formation  of  New  York 
state.  Lithologically,  the  series  may  be  divided  into  two  members,  the  upper 
one  being  largely  limestone  strata  and  the  lower  one  mainly  made  up  of  shale 
beds.  Actually  the  two  members  grade  into  one  another,  the  limestones  at 
their  base  being  interbedded  with  shaly  layers  and  the  shales  showing  frequent 
limy  strata  in  their  upper  parts.  For  the  purposes  of  this  report  the  line  of 
separation  has  been  drawn  at  the  base  of  the  massive-bedded  limestone  member 
which  causes  Louise  fall  on  Hay  river.  The  upper  member  is  called  the  Hay 
River  limestones,  and  the  beds  below,  the  Hay  River  shales.  The  predominant 
weathering  colour  of  the  limestones  is  a  light  cream  to  buff;  that  of  the  shales 
is  a  dull  blue  grey. 


i  Kindle.  B.  M..  '"The  Dtecovery  of  a  Portage  Fauna  In  the  Biackenzle  River  Valley/* 
QeoL  Surv.,  Can.,  Mns.  Bull.  29. 
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Hay  River  Shales.    The  following  section  of  the  shales  has  been  compiled 

from  seyeral  secftions  taken  at  intervale  along  the  valley  of  Hay  river  bebw 

Louise  falls: 

Feet 
Bluish  green,  Mft,  flBsile  shales  weathering  to  a  grey,  soft  day 

•   containing  thin  layers  of  highly  fossiliferous  limestone. ...  42 

Thin-bedded,  light  grey  weathering,  grey,  soft  limestones,  shaly 

layers  between  beda  Itimestone  composed  largely  of  fossils.  20 

Blue  green,  soft  shales,  weathering  to  clay 16 

Flaggy  sandstone,  with  shaly  partings.    Sandstones  show  ripple- 
marks,  crossbedding,   and  worm  trails.     Light  yellow   in 

colour 14 

Fossiliferous,  soft,  grey,  thin-bedded  limestone 8 

Blue  grey,  soft  shales  weathering  to  clay 28 

Thin-bedded,  fossiliferous,  grey,   argillaceous  limestone.     Thin 

beds  of  shaly  material  between  limestone  beds 8 

Blue  green,  soft,  clay  weathering  shales,  carrying  thin  limestone 

bands  which  are  highly  fossiliferous 106 

Thin-bedded,  soft,  greyish  limestones  carrying  numerous  fossils  8 

Blue  green,  soft  shales  weathering  to  grey  calcareous  clays. ...  10 

Soft,    i^haly,    rough    weathering    sandstone,    argillaceous,    and 

shows  ripple-marks  and  worm  trails 12 

Blue  green,  soft  clay  weathering  shales  with  thin  bands  of 

limestone  carrying  numerous  fossils 90   (asflroid  ) 

Thin-bedded,  grey,  shaly,  argillaceous  limestone,  soft  and  no 

fossils 25 

Blue-green,  soft  clay  weathering,  calcareous  shales 15+ 

Bottom  not  exposed.  r 

Hay  river  has  cut  a  deep  goige-Uke  valley  through  these  shales  for  45 
miles  from  Louise  faU  to  within  a  few  miles  of  Qreat  Slave  lake.  The  shales 
being  soft  and  easily  weathered,  the  cut  banks  show  steep  talus  elopes  of  soft, 
very  plastic,  grey,  calcareous  days  through  which  the  more  resistant  limestone 
bands  project  to  form  limestone  bhiffe  where  the  beds  ere  of  any  great  thick- 
ness. The  shales  cany  no  fossils,  but  the  interbedded  layers  of  limestone  are 
highly  fossiliferous  and  the  clay  talus  slopes  show  abundant  wellrpreserved 
specimens  derived  from  them. 

No  other  outcrops  of  the  shales  were  seen,  but  on  stratigraphic  grounds 
it  is  assumed  that  similar  sediments  underlie  the  basin  of  Buffalo  lake  and 
parts  of  Mackenzie  and  Kakisa  vaUeye.  On  Kakisa  river  at  Lady  Evelyn  fall 
thin-bedded,  light-coloured  limestones  can  be  correlated  with  the  lower  beds 
of  the  Hay  Kiver  limestones  that  directly  overlie  the  shales  in  the  gorge  below 
Louise  fall  on  Hay  river.  It  is  probable,  therefore,  that  Kakisa  valley  below 
the  falls  is  underlain  by  shales  that  have  been  eroded  by  glacial  action  and 
are  now  covered  by  drift 

The  massive-bedded  Hiay  Kiver  limestones  are  not  exposed  on  Buffalo 
river  or  about  Buffalo  lake,  but  probably  occur  from  the  base  of  Oaribou 
Mountain  plateau  southward  and  it  is,  therefore,  likely  that  shales  now  covered 
by  glacial  drift  underlie  Buffalo  lake  and  probably  the  upper  part  of  Buffalo 
valley. 

Hay  River  Limeeione.  Limestones  of  the  Hay  Biver  series  are  exposed 
in  Hay  valley  for  about  40  miles  from  near  Ghrumbler  rapids  to  the  goige  below 
Alexandra  and  Louise  falls.  Limestones  representing  the  eame  formation  and 
containing  a  fauna  similar  to  that  of  the  Hay  River  series  are  also  exposed 
on  Peace  river  at  Yermilion  rapids. 
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At  the  goi!g6  on  Hay  river  the  following  section  is  exposed: 


Feet 


Massive,  arenaceous,  yellow  to  cream  weatherlngr,  dark  grey 

limestone SO 

Thick  and  thin-bedded,  light  yellow  to  buff  weathering,  light 

grey,  flne-grained  limestone  with  shaly  layers  between  beds.  62 

liassive,  light-coloured  limestone  containing  nimierous  corals 

and  some  bitumen 16 

Reddish  brown,  medium-grained,  light  weathering,  thin-bedded 

limestones 12    c  f^  £*  v'*^^ ^ 

Soft,  thin-bedded,  shaly,  grey  limestones  and  blue  grey  shales. .  C 

Reddish  brown,  soft  sandstone,  calcareous  and  ripple-marked. .  7 

Soft,  blue  grey,  fissile  shales,  arenaceous  at  top,  but  generally 

very  argillaceous  giving  clay  talus  slopes 47 

Red  brown,  thin-bedded  limestone 8 

Thin-bedded,  soft  limestones  and  calcareous  shales  with  lime- 
stone nodules,  grey  colours,  and  rough  pebbly  weathering. .  12 

Thin-bedded,  yellowish  to  cream  weathering,  red  brown  to  grey, 

soft  limestones 21 

Bluish  grey  Hay  River  shales  below. 

Between  Grumbler  rapids  and  Alexandra  fall,  limestones  outcrop  fre- 
quently in  the  valley,  forming  low  ramparts  and  rapids  but  giving  no  con- 
tinuous section  of  any  thickness.  The  limestones  are  mostly  light  grey,  thin- 
bedded,  and  frequently  ihave  shaly  partings.  Some  beds,  distinctly  purplish 
or  flesh-coloured,  ere  mostly  more  compact  and  show  no  shaly  partings.  The 
uppermost  beds,  exposed  just  above  Grumbler  rapids,  are  grey-weathering,  thin- 
bedded,  shaly  limestones  consisting  of  limestone  nodules  embedded  in  soft 
calcareous  day  shales.  These  nodules— principally  fossil  coral — ^weather  out, 
giving  a  conglomeratic  appearance  to  the  outcrops.  The  thickness  of  the  lime- 
stones between  the  upper  beds  of  the  section  at  the  gorge  and  the  outcrops  of 
Ghrumbler  rapids,  estimated  from  the  fall  of  the  river  between  these  two  points 
and  the  observed  general  dip  of  the  beds,  is  about  100  feet. 

Limestones,  lithologically  similar  to  those  at  the  bottom  of  the  section  in 
the  gorge  at  Hay  river,  outcrop  in  the  valley  of  Kakisa  river  causing  a  fall  of 
48  feet    They  show  here  the  following  section: 

Feet 
Orey  to  white-weathering,   soft,  thin-bedded,   limestones  with 
layers    of    soft,    grey,    calcareous    shales    between    beds. 

Weathers  to  a  rough  nodular  or  pebbly  appearance 16 

Blue  grey,  soft,  fissile  shales 4 

Thin-bedded,  grey  to  brown,  medium-grained  Umestones  with 

shaly  partings 22 

Interbedded,  grey,  soft,  thin-bedded  limestones  and  blue  grey, 

fissile,  calcareous  shales 26 

The  upper  three  members  of  this  section  seem  to  correspond  to  the  bottom 
members  of  the  Hay  Kiver  section  of  the  limestone,  and  tiie  lowest  member 
probably  represents  the  gradaticm  into  the  imderlying  Hay  Biver  shales. 

During  the  summer  of  19^  the  Provincial  GU>vemment  of  the  province 
of  Alberta  drilled  a  well  for  salt  at  McMurray,  Alberta.  Professor  J.  A.  Allan, 
of  the  University  of  Alberta,  who  was  the  geologist  in  charge  of  these  opera- 
tions,^ gives  the  following  section  encountered  in  drilling. 


1  Allan,  J.  A.,  Second  Annual  Report  of  the  liineral  Resources  of  Alberta,  1920, 
p.  104. 
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''  (2)  The  resemblance  of  thie  fauna  to  that  obtained  in  the  Upper 
Pevonian  as  developed  on  Hay  river^  eome  of  the  fossiliferous  bands  being 
almost  identical'' 

Warren  also  notes  ''the  entire  absence  of  the  typical  Middle  Devonian 
fauna  ae  devefloped  on  Great  Slave  lake.'' 

Oret(iceou$ 

It  ie  probaUe  that  Oretaoeous  sediments  underlie  most  of  the  southern 
section  of  the  area  under  discussion,  but  the  known  exposures  are  confined  to 
the  valleys  of  Peace  and  HJay  rivers. 

On  Peace  river  above  Vermilion  rapids,  soft,  dark,  fissile,  marine^  shales 
of  Cretaceous  age  outcrop  in  the  banks  of  the  river  and  represent  parts  of  the 
Loon  Biver  shales  of  McConnelL^  These  have  been  well  described  by  McCon- 
nell  and  McLeam'  and  no  further  mention  need  be  made  of  them  here. 

On  Hay  river  from  the  6th  meridian  crossing  to  within  a  few  miles  of 
the  first  limestone  outcrops  near  Grumbler  rapid,  shales,  generally  analogous 
to  the  Loon  Kiver  series  of  McConnell's  Peace  Biver  section,  outcrop  in 
numerous  places  where  the  river  has  cut  banks  in  the  valley  waHs.  They  are 
soft,  dark,  fissile,  marine  shales  carrying  numeroue  large  spheroidal  concretions 
and  occasional  hard,  thin,  ircmstone  bands.  Selenite  crystals  are  of  frequent 
occurrence  on  talus  slopes  of  the  shale.  Above  Hay  Biver  outpost  at  the 
mouth  of  M!eander  river  the  shales  are  interbedded  with  thin,  soft  sandstones 
that  may  represent  the  Peace  Biver  sandstones  of  McConnell's  section^  on  Peace 
river.  Overlying  the  sandstones  are  soft  shales,  somewhat  darker  than  the 
lower  series  and  lacking  concretions,  which  probably  represent  the  basal  mem- 
ber of  the  Fort  St  John  shales.  But  no  fossil  evidence  was  noted  in  any  of 
the  series  and  it  is  best  not  to  attempt  their  subdivision  or  correlation,  but 
to  classify  them  as  Cretaceous  in  age  and  probably  for  the  most  part  repre- 
senting the  Loon  Biver  series  of  the  Peace  Biver  vaUey. 

The  large  area  between  Hay  and  Peace  rivers,  so  far  as  is  known,  shows 
no  rock  outcrops.  The  plain  between  Peace  river  and  Caribou  mountains  and 
on  the  west  towards  Hay  river  has  the  general  appearance  of  an  old  lake  basin 
of  probably  post-Glacial  age.  Caribou  Mountain  plateau  and  the  small  plateau 
of  Watt  mountains  appear,  by  their  elevation  and  stratigraphical  relations,  to 
represent  outliers  of  the  Cretaceous  rocks  of  the  Upper  Peace  Biver  section 
farther  southwest  and  probably  contain  representatives  of  the  Peace  Biver 
sandstone.  Fort  St.  John  shales,  and  Dunvegan  sandstones  of  that  section, 
overlain  by  glacial  drift 

Pleiaioeene  and  Recent 

Almost  all  the  area  shows  marked  efPects  of  Pleistocene  glaciation.  The 
eastern  part,  underlain  by  Precambrian  rocks,  has  little  drift-covering  and  in 
many  places  exhibits  unweathered  rock  surfaces  that  have  been  ground  down 
and  smoothed  by  the  ice-sheet  The  part  underlain  by  limestones  and  shales 
is  mostly  covered  by  drift  deposits  such  as  boulder  clays  and  contains  numerous 
boulders  of  Piecambrian  rocks  derived  from  the  east  Sand  and  gravels  of 
fiuvioglacial  origin  occur  only  in  small  amounts.  The  surface  of  the  boulder 
clay  (ground  moraine)  is  somewhat  uneven,  but  is  for  the  most  part  of  low 
relief.    In  places,  there  are  low,  rounded  hills,  tffiually  elongated  somewhat  in 

1  HcCoimell,  R.  Q.,  "District  of  Athabaska,"  OeoL  Surv.,  Can..  Ann.  Rept.  new  ser.. 
ToL  V,  1890.  pt.  D. 

SMcLeam,  F.  H..  •'Peace  River  aectlon/*  Geol.  Surv.,  Can..  Sum.  Rept.  1917. 

tlffoConneU,  R.  G.,  "District  of  Athabaska."  Geol.  Surv..  Can..  Ann.  Rept,  new  ser.. 
▼ol.  V,  1890,  pt  D. 
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the  direction  of  ice  movement,  irregularly  spaced  and  separated  by  swampy 
depressions.  The  rivers,  wherever  they  cut  across  these  hilk,  show  banks  fre- 
quently up  to  100  feet  high  on  the  outside  of  the  curve,  and  the  boulders 
washed  out  of  the  drift  collect  in  the  river  bed  fonning  typical  boulder  rapids. 

Glacial  striss  are  frequent  and  are  specially  well  developed  on  limestone 
surfaces  exposed  by  river  or  wave  action.  In  the  Precambrian  rocks  east  of 
the  lake,  tl^  striss  have  a  general  trend  south  22  d^n^ees  west,  magnetic,  or 
south  57  degrees  west  astronomicaL  On  Buffalo  river,  they  point  south  16 
degrees  to  18  degrees  west  magnetic  (south  52  degrees  to  54  degrees  west  astrono- 
mical), and  on  Hay  river  above  the  falls  south  25  degrees  west  magnetic 
(south  61  degrees  west  astronomical).  Near  Nintsi  point  strise  are  well 
shown  on  the  Presqu'ile  dolomite  and  have  a  direction  south  60  degrees  v^est 
magnetic  (north  85  degrees  west  astronomical).  That  this  direction  of  ice 
movement  was  constant  over  a  considerable  part  of  the  north  shore  is  well 
shown  by  the  character  of  the  shoreline.  In  the  deep  bay  to  the  west  of  Slave 
point  and  near  the  outlet  of  the  lake  all  the  points  are  approximately  parallel 
to  the  direction  of  the  6tri».  Low  boulder  points  are  numerous  in  this  bay 
and  on  Big  island  and  have  great  accumulations  of  boulders  derived  from  the 
Precambrian  rocks.  The  same  general  conditions  exist  from  Nintsi  point 
north  to  Takgatea  point.  Unmistakable  roches  moutonn6es  are  seen  at  several 
places,  especially  in  the  islands  offshore  between  Resolution  and  Pine  point,  and 
in  the  Precambrian  rocks  to  the  east. 

Stris  and  the  distribution  of  the  drift  show  that  the  region  was  glaciated 
by  an  ice-dieet  advancing  from  the  Keewatin  centre  of  glaciation  and  moving 
in  a  general  west-southwest  direction  across  the  region.  As  the  ice  approached 
the  upland  known  as  Eagle  mountains,  west  of  Hay  river,  part  of  the  sheet 
flowed  down  Mackenzie  valley  and  part  through  the  Buffalo  and  Hay  valleys. 

Terminal  moraines  occur  in  the  Buffalo  and  Hay  vall^s  and  consist  of 
low  ranges  of  irregularly-shaped  hills — ^200  to  300  feet  high — that  trend  at 
about  right  angles  to  the  stris  and  cause — in  the  Buffalo  valley — a  dam  behind 
which  the  waters  from  the  north  slopes  of  Caribou  mountains  form  Buffalo 
lake.  This  moraine  extends  north  to  within  a  short  distance  of  Great  Slave 
lake.  Two  moraines  were  noted  in  the  valley  of  Hay  river,  one  between  Watt 
mountain  and  Cutknife  hills,  the  other  between  Caribou  moimtains  and  the 
hills  west  of  Grumbler  rapid.  The  low  ridge  of  glacial  drift  between  Watt  and 
Caribou  mountains,  which  forms  the  watershed  between  Peace  and  Hay  rivers, 
api>ears  to  be  an  interlobate  moraine  formed  between  two  lobes  of  the  ice- 
sheet,  one  of  which  occupied  Hay  valley  and  the  other  the  Peace  valley. 

During  the  retreat  of  the  ice-sheet  the  northward  drainage  in  Hay  and 
Buffalo  valleys  was  ponded  between  the  retreating  ice  margin  and  the  high 
land  to  the  south,  forming  large,  glacially-dammed  lakes.  Wide  lacustrine 
flats,  representing  former  lake  bottoms,  occur  south  of  Buffalo  lake.  The  wide 
plain  near  Vermilion  was  probably  also  a  lake  bottom.  On  both  sides  of 
Ghreat  Slave  lake  abandoned  beaches  as  much  as  200  feet  above  the  present 
lake-levd  prove  the  existence  of  a  once  much  larger  lake.  It  is  probable,  as 
pointed  out  by  McConnell,^  that  this  lake  owed  its  origin  to  depression  of  the 
land  and  has  been  partly  drained  in  post-Glacial  time  by  differential  elevation 
of  the  land  towards  the  east  and  northeast.  The  general  direction  of  ice 
retreat  was  eastward,  and  it  is  improbable  that  the  outlet  of  the  lake  basin 
down  the  Mackenzie  valley  could  have  been  blocked  by  the  ice  at  a  time  when 
the  greater  part  of  the  basin  was  unoccupied  by  the  ice-sheet. 

1  Geol.  Surv.,  Can.,  Ann.  Rept,  vol.  IV,  1888-89,  p.  26  D. 
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Recent  Deposits 

AUuyial  (flood-plain)  and  delta  deposits  of  Hecent  age  occur  in  the  val- 
leys and  at  the  months  of  most  of  the  rivers.  The  rivers,  though  they  are 
generally  8wift»  are  always  widely  meandering  and  are  subject  to  great  fluc- 
tuation in  volume.  Hence  they  are  bordered  in  many  places  by  alluvial  flats 
or  flood-plains  underlain  by  crossbedded  sands  and  silts.  The  rivers  transport 
large  quantities  of  sediment  and  at  their  mouths  are  forming  deltas,  the  largest 
of  which  is  at  the  mouth  of  Slave  river.  The  sediment-laden  waters  of  this 
river  have  gradually  extended  the  delta  out  into  Ghreat  Slave  lake,  filling  a 
former  embayment  of  the  lake,  and  are  now  depositing  their  sediments  into 
the  west  arm  of  the  lake  and  gradually  building  land  areas  in  it  This  steadily 
growing  delta  is  composed  of  crossbedded  sands  and  silts.  A  fringe  of  excel- 
lent spruce  borders  the  river  banks  €md  the  interior  is  reported  to  be  some- 
what open  prairie  country  with  bluffs  and  copses  of  a  light  growth  of  spruce 
and  poplar.  Smaller  deltas  occur  at  the  mouths  of  Hay  and  Buffalo  rivers. 
The  Buffalo  delta  is  developed  in  an  embayment  which  is  cut  off  from  the 
lake  proper  by  a  long  series  of  old  lake  beaches  through  which  the  river  has 
cut  a  single  channeL 

About  20  miles  below  Bed  river.  Peace  river  on  its  south  shore  cuts  for 
3  miles  into  a  bed  of  water-laid  sand  the  top  of  which  is  mostly  about  10  to  50 
feet  above  high  water. 

Section  opposite  lower  end  of  Long  island: 

Feet      Inches 

1.  Forest  bed  and  soU 1 

1.  Brown  land 6 

5.  Forest  bed,  etc 6  to  0 

4.  Orey  sand  with  pebble  band  In  middle 1 

6.  Hard  sand  within  limy  bands 1 

6.  White  marl StoO 

7.  Orey  sand  with  calcined  roots 2| 

8.  ICarly  sand 2 

9.  Orey,  even-bedded  sand  partly  covered SO 

No.  7  of  above  section  shows  roots  that  have  extended  through  the  marl 
of  No.  6  and  been  covered  by  a  thick  tube  of  lime  in  No.  7. 

About  125  miles  above  the  mouth  of  Slave  river  cut  banks  of  yellow  sand 
14  feet  to  18  feet  high  are  common  for  long  stretches.  They  terminate  abruptly 
against  the  ordinary  alluvial  banks  and  evidently  represent  a  different  and 
earlier  set  of  deposits  that  are  probably  of  lacustrine  origin.  Immlediately 
below  **  Le  Grand  Detour  "  cut  banks  of  this  yellowish  sand  and  gpravel  40  feet 
high  are  exposed. 

STBUOTUBAL  GEOLOGY 

Bedrock  in  the  region  is  gently  monoclinal  with  dips  of  1  or  2  degrees  to 
the  west  or  southwest.  Except  in  the  vicinity  of  Little  rapids  on  Peace  river 
where  very  abrupt  antidinal  forms  are  developed,  no  dips  exceeding  6  degrees 
were  observed.  The  eastern  edge  of  the  area  shows  the  margin  of  the  Pre- 
cambrian  protaxis  and  the  Paleozoic  sediments  laid  down  on  this  floor  follow 
the  irregular  relief  of  the  protaxis  and  thicken  to  the  westward  as  the  distance 
from  the  Precambrian  rocks  increases. 

The  tendency  of  the  Palseozoic  sediments  to  conform  to  the  underlying 
Precambrian  floor  is  particularly  well  shown  on  Slave  river  a  few  miles  above 
Fitzgerald,  where  the  stream  has  cut  through  a  projecting  arm  of  the  Pre- 
cambrian, exx>osing  a  gently  rolling  erosion  surface.     Coarse-grained,  arkose 
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material,  derived  by  weathering  of  the  Precambrian  floor,  overlies  these  rodu, 
and  is  covered  by  Silurian  or  Devonian  limestones  that  gently  dip  away  from 
the  sides  of  steeply  rising  knobs  of  Precambrian  rocks,  thus  conforming  to 
their  rolling  and  irregular  surface. 

The  sedimentary  rocks  range  in  age  from  Upper  Silurian  to  Lower  Cre- 
taceous. On  Peace  river,  Kindle  finds  an  erosional  unconformity  between 
Upper  Silurian  and  Upper  Devonian  beds,  but  on  Great  Slave  lake  a  thick 
series  of  Middle  Devonian  sediments  is  found  under  the  Upper  Devonian, 
indicating  variations  in  the  extent  of  the  early  Palfldozoic  seas.  At  no  point  in 
the  area  were  distinct  Lower  Devonian  beds  found  and  it  is  probable  that  they 
are  not  represented. 

On  Hay  river  above  the  falls,  and  on  Peace  river  above  Vermilion  chute. 
Cretaceous  shales  overlie  the  Upper  Devonian  limestones.  The  contact  is  not 
exposed  in  the  area  examined,  but  where  seen  in  the  Athabaska  valley  shows 
as  an  erosional  imconformity. 

Throughout  the  district,  the  drift  interferes  with  an  accurate  study  of 
the  structural  features.  Outcrops  are  mostly  small  and  far  apart,  being  con- 
fined, as  abeady  stated;  to  the  valleys  and  lake  shores. 

On  Hay  river  above  Alexandra  falls  and  on  Buffalo  river  at  Mellors  rapid 
the  limestones  show  local  anticlinal  folding  with  gentle  dips,  but  the  surface 
is  uncovered  only  in  the  immediate  valley  bottom  and  the  superficial  extent 
of  the  folds  was  not  determinable. 

On  the  shores  of  Great  Slave  lake  structural  features  are  obscured  largely 
by  the  limestone  gravels  formed  by  ice  and  wave  action  on  the  exposed  sur- 
faces of  the  sediments.  Here  again  local  inclinations  are  often  greater  than 
the  general  dip.  They  appear  to  be  very  local,  liowever,  and  seldom  exceed 
6  or  8  degrees  from  the  horizontal.  They  often  show  dips  in  all  directions 
within  a  radius  of  a  few  hundred  feet. 

The  eastern  edge  of  the  district  lies  close  to  an  eastern  shore-line  of  the 
Paleozoic  epicontinental  seas.  Epirogenic  movements  were  gently  oscillatory 
and  the  sea  invasions  seem  to  have  come  largely  from  the  north  and  west.  The 
seas  were  frequently  shallow  as  shown  by  the  brecciation  of  much  of  the  lime- 
stones, particularly  where  th^  immediately  overlie  the  Gypsum  series  as  at 
Bell  rock  below  Fort  Smith.  The  absence  of  coarse  detrital  material  in  any 
of  the  sediments  indicates  a  low-lying  shore-line  to  the  east,  from  which  little 
or  no  rock-forming  material  was  being  derived  except  that  in  solution.  This 
is  shown  in  the  ex^posures  on  Slave  river  above  Fitzgerald  where  the  arkose 
material  overlying  the  Precambrian  granites  and  gneisses  is  made  up  of 
residual  decomposed  granitic  and  gneissic  fragments  embedded  in  a  calcareous 
matrix. 

LOCAL  DOMINO 

On  the  lake  shores  wherever  outcrops  occur  at  or  near  water-level  a  warp- 
ing of  the  strata  into  small  local  domes  is  evident.  These  have  diameters  of 
from  100  to  200  feet  and  have  dips  seldom  exceeding  8  degrees.  In  a  few  cases 
where  shelving  outcrops  occur,  soundings  were  taken  at  some  distance  from 
the  shore  and  it  was  found  that  the  shelves  break  off  into  deeper  water  form- 
ing cliffs  similar  to  those  above  water-level  on  the  north  shore.  It  was  also 
found  that  wherever  the  thin-bedded  limestones  outcrop  at  water-level  the  dip 
of  the  strata  is  apparently  towards  the  lake. 

The  domes  may  be  due  to  the  transformation  of  anhydrite  beds  at  depth 
into  gypsum,  with  consequent  increase  in  volume.  This  theory  is  supported  in 
several  cases,  particularly  at  Sulphur  and  Nintsi  points,  by  the  presence  of 
large  sulphur  springs  in  the  vicinity,  though  no  springs  were  found  on  any  of 
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the  domes.  Moreover,  the  massive-bedded  dolomites  exi>osed  in  spite  of  heavy 
glaciation  at  the  tar  springs  on  Nintsi  point  distinctly  show  doming  which 
could  not  have  been  formed  by  the  action  of  lake  ice. 

SLAVE   AND  PEACE   RIVERS   SBOTIONS 

On  Slave  river  between  Stoney  and  Caribou  islands  12  to  20  miles  above 
Fitzgerald,  sections  are  exposed  showing  the  contact  between  Palaeozoic  sedi- 
ments and  the  underlying  Precambrian  floor.^  The  sections  show  coarse- 
grainedy  porphyritic,  and  siliceous  hornblende  granites,  jointed,  fractured,  and 
decomposed,  overlain  by  conglomerates  and  arkose  about  10  feet  thick  and 
these  in  turn  by  dark  gprey,  dolomitic  limestones.  The  beds  have  a  slight  dip 
and  occupy  depressions  in  the  old  granite  surface,  depressions  which  have  a 
depth  of  as  much  as  50  feet,  suggesting  that  the  relief  when  these  beds  were 
deposited  was  not  very  different  from  the  present  relief  in  the  adjacent  Pre- 
cambrian area. 

On  Peace  river  near  Little  rapids  and  Peace  point,  cliffs  20  to  60  feet 
high  rise  above  the  level  of  the  river.  As  reported  by  Camsell^  the  lowest  bed 
exposed  is  of  gypsum  of  variable  thickness  but  not  over  50  feet.  The  next 
overlying  bed  is  a  fractured  and  broken  dolomite  from  10  to  30  feet  thick 
above  which  is  an  argillaceous,  sometimes  sandy,  limestone  containing  fossils. 

^'  The  beds  undulate  in  both  sharp  and  gentle  folds  and  in  one  place  are 
bent  into  a  sharp  anticline  with  dips  on  either  limb  of  00  d^rrees.  The 
strike  of  the  folds  is  not  constant  but  varies  widely. 

^'In  seeking  for  the  cause  of  such  a  disturbed  and  irregular  structure  it 
was  evident  that  the  disturbance  of  the  beds  could  not  possibly  be  connected 
with  any  erogenic  movement  of  great  magnitude,  but  was  local  in  its  effect 
and  apparently  confined  to  these  particular  beds.  Certainly  there  is  no  evi- 
dence elsewhere  throughout  the  region  of  the  great  plains,  of  the  operation  of 
mountain-building  forces  producing  such  sharp  folds  as  those  indicated  by 
dips  of  60  d^rrees.  The  solution  of  this  problem  was  found  in  the  gyi>sum 
itself.  At  certain  of  the  outcrops  of  gypsum,  rounded  cores  of  anhydrite  were 
noted  in  the  gypsum.  These  cores  showed  a  scaly  rim  of  gypsum  where  the 
anhydrite  by  the  absorption  of  water  was  altering  to  gypsum.  At  other  locali- 
ties, thin  beds  of  anhydrite  are  interbedded  with  the  gypsum.  These  facts 
suggest  that  some  of  the  layers  of  gypsum,  if  not  all  of  them,  were  originally 
anhydrite  which  by  the  accession  of  two  molecules  of  water  became  altered 
into  gypsum.  In  process  of  this  alteration  there  would  be  an  increase  in  the 
volume  of  the  beds  by  33  per  cent  This  increase  causes  horizontal  as  wdl  as 
vertical  expansion.  The  horizontal  expansion  results  in  folding  of  the  beds 
and  both  together  would  probably  cause  the  fracturing  and  brecciation  of  the 
overlying  beds  of  limestone,  for  almost  everywhere  that  the  gypsum  and  the 
overlying  limestone  beds  were  exposed,  the  limestone  was  found  to  be  so  frac- 
tured and  breociated,  in  places  for  only  a  vertical  distance  of  10  feet,  but  in 
other  localities  for  as  much  as  40  feet/' 

GREAT  SLAVE  LAKE  SECTION 

The  Palfieozoic  sediments  are  frequently  exposed  from  Resolution  west 
towards  Presqu'ile  point.  From  Presqu'ile  point  to  High  point  exposures  are 
confined  to  the  points  and  are  mostly  situat^  from  8  to  12  miles  apart.    West 

iCamsell,  C.  "Salt  and  GjrpBum  Deposits  In  the  District  between  Peace  and  Slave 
Rivers.  Northern  Alberta."  OeoL  Surv..  Can..  Sum.  Rept.,  1916. 

sCamsell.  C.  "Salt  and  Gypsum  Deposits  in  the  District  between  Peace  and  Slave 
Rivers.  Northern  Alberta."  Geol.  Surv..  Can.,  Sum.  Rept..  1916. 
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of  High  point  the  lack  of  exposures  suggests  that  the  lake  basin  is  here  gauged 
out  of  the  soft,  easily  weathering  clay  shales  of  the  Hay  River  ^ries.  The 
bedrock  is  essentially  flat-lying  with  a  westerly  dip  not  exceeding  50  feet  to 
the  mile,  and  this  condition  appears  to  be  uniform  throughout  the  whole  of 
the  western  part  of  the  lake  basin. 

At  Pine  point  and  in  Resolution  bay  the  exposures  indicate  a  gentle  anti- 
clinal tendency,  the  apex  of  the  anticline  being  in  the  vicinity  of  the  point 
itself.  The  limbs  of  the  fold  do  not  show  except  by  fossil  evidence  and  the 
lithological  similarity  of  the  rocks  found  on  Burnt  islands  to  the  east  and  at 
Presqu'ile  x>oint.  About  Resolution  and  Mission  island  the  Airy  pa  reticularis 
zone  of  the  Pine  Point  series  is  well  developed  and  the  same  horizon  is  shown 
on  Little  Buffalo  river,  about  30  miles  above  its  mouth.  The  middle  islands 
of  the  Burnt  leflands  group  show  Presqu'ile  dolomites  carrying  Stringocepha- 
lus  hurtinu  The  remainder  of  the  Burnt  Island  gr^oup  and  the  shores  of  the 
mainland  from  near  Twin  islands  to  a  point  west  of  Deadman  island  show 
the  Pine  Point  sediments.  The  escarpment  south  of  Pine  point  is  capped  by 
Presqu'ile  sediments  overlying  upper  members  of  the  Pine  Point  series  and 
the  Presqu'ile  is  again  exposed  at  water-level  about  Presqu'ile  point  to  the 
west.  Sediments  very  similar  to  the  Presqu'ile  series  occur  on  the  mainland 
for  about  2  miles  west  of  Little  Buffalo  river. 

West  of  Presqu'ile  point  no  structure  other  than  'the  gentle  monoclinal 
conditions  already  referred  to  is  observable  along  the  south  shore.  From 
Sulphur  point  the  Slave  Point  limestones  appear  to  continue  to  west  of  High 
point  where  they  disappear  and  are  overlain  by  the  soft  Simpson  or  Hay  River 
shales.  The  character  of  the  shore  west  of  High  point  suggests  the  presence 
of  these  soft,  easily  weathering  shales  and  they  apparently  continue  to  Mac- 
kenzie river. 

Middle  Devonian  limestones  and  dolomites  are  exposed  about  Slave  and 
Nintsi  points.  Coarsely  crystalline  and  porous  dolomites  of  the  Presqu'ile 
series,  abundantly  exposed  about  Nintsi  point  and  north  of  Sulphur  bay,  are 
badly  fractured  and  fissured  and  show  seepages  of  a  heavy  x>etroleum.  Strong 
flowing  cold  water  sulphur  springs  are  numerous  and  salt  water  accompanies 
the  petroleum. 

North  and  east  from  Nintsi  point  soft,  shaly  limestones,  lithologically 
similar  to  the  upi>er  members  of  the  Pine  Point  series,  are  exposed  in  places 
about  Jones  and  House  points  and  as  far  north  as  Moraine  point,  where  the 
shore  eastwards  becomes  low  and  swampy  and  shows  no  outcrops.  This  part 
of  the  lake  basin  has  probably  been  eroded  in  these  soft  shaly  members  of  the 
Pine  Point  series.  At  Ketsikta  point,  lower  members  of  the  Pine  Point  series, 
exposed  at  water-level,  are  followed  to  the  east  by  underlying  dolomites  and 
gypsum  beds  of  Silurian  age. 

The  north  shore  section  shows  no  evidence  of  structural  conditions  similar 
to  those  indicated  about  Pine  point  to  the  south,  but  the  sediments  appear  to 
lie  in  normal  sequence  with  a  slight  dip  to  the  west  or  southwest 

ECONOMIC  GEOLOGY 

GENERAL    STATEMENT 

The  Precambrian  rocks  to  the  east  are  largely  granites  and  granite  gneisses 
and  are  not  likely  to  be  rich  in  metalliferous  deposits.  In  a  few  places  there 
are  patches  of  older  metamorphic  greenstones,  quartzites,  conglomerates,  and 
occasional  limestone  sediments.  Near  the  contact  between  these  and  the 
granites,  fissures  occur  showing  copper   and   iron  stainings,  but  are  usually 
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small  and  ehow  no  evidence  of  larger  deposits  occurring  at  depth.  Gold  has 
been  reported  in  fissures  in  the  neighbourhood  of  Yellowknife  river  northeaet 
of  the  map-area,  and  in  1W6  copper  with  gold  and  silver  was  reported  from 
Caribou  island  at  the  entrance  of  the  east  arm  of  the  lake.  A  large  body  of 
iron  ore  has  been  reported  from  the  iles  du  Large,  but  though  the  writer  spent 
several  days  amongst  these  islands  during  the  autumn  of  1916,  he  found  no 
evidence  of  this  dejposit  nor  was  his  compass  in  any  way  affected  by  local 
attracticm. 

The  PalflBOzoic  sediments  contain  deposits  of  jpossible  economic  importance 
of  lead,  zinc,  petroleum,  salt,  gypsum  and  hrick  clay,  sulphur,  and  potash.  A 
deposit  of  galena  and  blende  has  long  been  known  in  the  region  south  of  Pine 
point.  Claims  have  been  staked,  allowed  to  lapse,  and  been  restaked  since  the 
deposit  ,was  first  discovered  by  a  party  of  prospectors  on  their  way  to  the 
Klondike  in  the  middle  nineties.  The  ealt  deposits  on  Salt  river  and  the  ealt 
plains  west  of  Fort  Smith  have  heen  known  ever  since  the  white  man  first  visited 
the  country  and  have  supplied  the  demand  from  all  the  northern  part  of  Mac- 
kenzie basin.  Oypsum  occurs  with  the  salt  at  the  salt  springs  and  outcrops  at 
various  places  along  Slave  river  and  particularly  on  Peace  river  near  Little 
rapid.  At  Nintsi  point  seepages  of  a  heavy  petroleum  occur  in  numerous  places 
and  on  evaporation  of  the  volatile  constituents  leave  tar  x>ools  which  supply 
pitch  for  local  needs.  The  thick  beds  of  Hay  River  shales  on  Hay  river 
weather  to  a  plastic  clay  which  is  used  as  a  wall-wash  for  the  Lidian  houses 
at  HAy  river  and  has  been  proved  to  bum  to  a  good  grade  of  building  brick. 
Strong-flowing  sulphur  springs  occur  at  numerous  places;  these  by  depositing 
sulphur  may  be  of  economic  importance.  Potash  is  to  be  looked  for  in  the 
vicinity  of  the  gypsum  and  salt  beds.  Analyses  of  spring  waters  from  near 
these  beds  show  a  potassium  content  insufficient  to  be  profitably  exploited. 
Better  results  are  reported  of  waters  from  between  Fort  Smith  and  Peace 
point. 

LEAD-ZINC  DEPOSITS 

About  10  miles  south  of  Pine  point  and  about  250  feet  above  tihe  lake  a 
flat-lying,  crystalline  dolomite  outcrops  in  places  over  an  area  of  several 
square  miles.  The  dolomite  is  grey,  weathering  white,  and  quite  coarsely 
crystalline.  Fresh  fracture  shows  a  porous  structure  and  many  cavities  in 
which  typical  curved  rhombohedral  crystals  of  dolomite  occur.  The  general 
lidiolcgical  character  of  the  rock  is  identical  with  that  of  the  Presqu'ile  dolo- 
mites on  Nintsi  point,  but  bituminous  matter  and  sulphur  springs  are  here 
absent  and  no  fossils  were  obtained  by  which  correlation  could  be  vsonfirmed. 
Large  sink-holes  10  to  20  feet  deep  and  as  much  as  200  feet  in  length  are 
numerous. 

At  one  place  a  slight  folding  of  the  strata  into  a  monocline  or  broad  anti- 
cline is  developed.  The  western  limb  only  is  exposed  and  has  a  dip  of  5  degrees 
to  the  north  and  a  strike  of  north  20  degrees  east  magnetic  or  north  U  degrees 
east  astronomical.  This  fold  strikes  transverse  to  the  axis  of  the  Pine  Point 
anticline.  Its  crest  is  badly  fractured  and  fissured  and  there  the  ddomitee 
are  impregnated  with  considerable  quantities  of  galena  and  some  sphalerite. 
Exceptionally  large  sink-holes  occur  just  east  of  the  crest  of  the  fold  and 
expose  shallow  sections  of  the  impregnated  dolomites. 

The  general  structure  shows  a  massive  bedded  dolomite.  Mineralizing 
solutions  have  percolated  along  the  bedding  planes  and  impregnated  the  over- 
lying beds.  In  some  cases  galena  is  evenly  disseminated  throughout  a  bed, 
but  usually  is  more  abundant  in  the  lower  18  or  20  inches.  Some  of  the  beds 
are  more  highly  impregnated  than  others.     Sphalerite  always  acompanies  the 
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galena  and  in  places  is  the  predominant  ore  mineral.  In  the  limited  exposures 
examined,  sphalerite  appears  to  increase  with  depth.  Small  amounts  of  pyrite 
or  marcasite  are  sometimes  present,  usually  encrusting  poorly  defined  and 
undeterminable  fossils. 

The  origin  of  the  ores  was  not  evident.  The  ore-body  appears  to  be  a 
replacement  of  the  dolomite  by  mineralized  solutions  which  entered  along 
fissures.  At  one  point  situated  a  few  hundred  feet  southeast  of  the  crest  of 
the  fold,  a  thin  fissure  was  traced  for  a  few  feet  and  then  lost  under  the  sur- 
face till.  It  shows  as  a  vein  a  few  inches  across,  in  some  places  c<Hnplctely 
filled  with  a  coarsely  crystalline  galena  and  in  others  showing  a  banded  struc- 
ture of  oalcite,  zinc  blende,  and  galena  deposited  in  the  order  shown.  Pyrite 
was  absent  in  the  vein-filling  where  seen,  but  shows  in  small  quantities  in  the 
impregnated  dolomites. 

The  calcite  forming  the  gangue  of  the  vein  is  white  to  grey-white  and  very 
fine-grained,  almost  lithographic  in  character.  It  is  frequently  impregnated 
with  fine,  hair-like  lines  of  galena  spreading  from  a  common  point  into  a  fan- 
like structure.  This  point  is  the  end  of  a  thin  fissure  in  the  calcite  which 
though  not  metalliferous  connects  with  the  more  massive  galena  filling  in  the 
interior  of  the  vein.  The  sphalerite  is  usually  dark  brown  and  has  a  botryoidal 
structure  at  its  contact  with  the  galena.  It,  also,  is  somewhat  mixed  with 
coarse  galena.  The  galena  fills  the  central  parts  of  the  vein,  is  massive, 
usually  coarsely  crystalline,  and  carries  but  little  sphalerite. 

The  dolomite  forming  the  country  rock  is- very  coarse  and  porous,  carry- 
ing numerous  vugs  and  cavities  which  in  places  have  been  filled  by  the  mineral- 
izing solutions.  These  show  ooncentric  structures  and  a  deposition  of  the 
minerals  in  the  order,  calcite,  zinc  blende,  galena.  Galena  usually  occupies 
the  centres  of  the  cavities  or  shows  thin  fissures  connecting  the  centre  with 
the  cavities. 

On  exposed  surfaces  secondary  oxides  of  zinc  and  lead  are  common,  and 
in  places  secondary  sulphides  occur  in  stalactitic  and  botryoidal  forms. 

Claims  Lave  been  staked  and  some  prospecting  work  has  been  done,  but  very 
little  iu  recent  years.  The  prospect  pits  are  all  badly  caved  now  and  no  data 
were  obtainable  from  them. 

The  mineralized  area  appears  to  be  confined  to  the  anticline  where  fissur- 
ing  has  allowed  the  mineralizing  solutions  access  to  the  dolomite.  Since  the 
ores  are  non-argentiferous  the  value  of  the  deposit  does  not  seem  very  great. 

BITUMEK  AND  PETROLEUM 

The  determination  of  the  possibilities  of  an  oil  field  near  Great  Slave  lake 
was  one  of  the  main  objects  of  the  exploration.  The  Athabaska  and  Peace  River 
districts  to  the  south  have  been  prospected  for  oil  and  several  wells  sunk, 
though  with  little  success.  Small  flows  of  oil  and!  strong  flows  of  gas  have 
been  struck  in  several  places,  the  most  promising  to  date  being  near  the  town 
of  Peace  River.  Here  in  1917  the  McArthur  well  No.  2  struck  strong  gas  flows 
and  obtained  a  production  of  about  nine  barrels  of  heavy  oil  a  day. 

The  oil  appears  to  come  from  an  horizon  in  the  Cretaceous  not  far  above 
the  Devonian  and  it  was  hoped  that  a  study  of  the  Devonian  sediments  exposed 
to  the  north  would  determine  whether  this  oil  originates  in  the  Devonian 
sediments  or  in  the  overlying  Cretaceous. 

A  well  was  sunk  at  Vermilion  chutes  in  Devonian  sediments  and  reached 
a  depth  of  850  feet  when  drilling  difficulties  caused  the  hole  to  be  abandoned. 
No  oil  or  gas  was  encountered. 
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On  the  shores  of  Great  Slave  lake  practically  all  the  outcropping  lime- 
stones are  more  or  less  bituminous  and  some  on  fracture  give  a  distinct  seepage 
of  heavy  petroleum. 

At  Nintai  x>oint  the  massive-bedded  Presqu'ile  dolomite  is  highly  impreg- 
nated with  oil.  Several  tar  pools  are  formed  where  tbis  oil,  on  reaching  the 
surface,  has  lost  its  more  volatile  constituents,  partly  by  evaporation  and  partly 
by  absorption  by  the  mosses  and  soil.  Where  seepages  occur  on  bare  rock,  oil 
poo'ls  collect  in  the  hollows  and  crevices.  The  dolomite  is  white  or  grey 
weathering  and  coarsely  crystalline.  Fresh  fracture  shows  a  cavernous  and 
porous  structure,  the  cavities  mostly  holding  considerable  quantities  of 
bituminous  material.  In  places  it  has  the  appearance  of  a  mixture  of  a  dark 
brown  bituminous  crystalline  magnesian  limestone  and  a  more  coarsely  crys- 
talline white  dolomite.  The  rocks  are  badly  fractured  and  fissured  and  show 
distinct  evidence  of  local  doming.  The  tar  and  oil  pools  occur  along  these 
fissures  and  along  the  bedding  planes.  Cold  water  sulphur  springs  are  numer- 
ous in  the  vicinity  of  the  oil  seepages. 

At  Presqu'ile  point  and  on  the  islands  east  of  Pine  point,  cavernous  and* 
porous  dolomitic  limestones  of  the  Presqu'ile  series  also  show  bituminous  and 
oily  matter  in  the  pores  and  cavities,  and  the  Pine  Point  series  of  shales  and 
shaly  limestones  outcropping  at  Pine  i>oint  and  known  to  imderlie  the  Presqu'ile 
series  are  highly  charged  with  bituminous  matter. 

The  Presqu'ile  dolomites  appear  to  be  the  principal  oil-bearing  horizcm 
and  as  these  are  exposed  at  the  surface  on  the  limb  of  the  anticline  the  i>08si- 
bilities  of  an  oil  field  of  great  value  near  the  lake  are  slight 

For  a  productive  oil  field  four  particular  geological  features  are  neces- 
sary. 

(1)  A  supply  of  liquid  oil  of  suflBciently  low  viscosity  to  flow  through  the 
pores  and  cracks  of  the  oil  sand  at  the  temperature  obtaining  where  the  oil  is 
found. 

(2)  A  container  porous  in  itself,  as  in  the  case  of  a  sandstone,  or  made  so 
by  fracturing  or  other  changes  as  in  the  case  of  a  shale,  limestone,  chert,  or 
dolomite. 

(3)  An  impervious  capping,  usually  a  shale,  over  the  container,  for 
imprisoning  the  oil  until  it  is  released  by  the  drill. 

(4)  A  rock  structure  favourable  for  the  accumulation  of  the  oil  in  reser- 
voirs from  which  it  may  be  obtained  when  tapped  by  the  drill. 

Two,  and  possibly  three  of  the  conditicms  are  fulfilled  in  the  area  about 
Great  Slave  lake.  The  structure  sections,  at  least  at  Pine  point,  show  proper 
anticlinal  conditions,  though  of  a  gentle  order,  the  Presqu'ile  dolomites  are 
sufficiently  porous  to  act  as  a  container,  and  the  oil  pools  on  Nintsi  i>oint  show 
chat  some  petroleum  is  present  in  the  dolomites.  The  container  is,  however, 
<»xpo8ed  at  the  surface  and  the  oil  content  of  this  structure  has  probably  long 
ago  escaped. 

Underlying  the  dolomites  are  the  Pine  Point  series  of  limestones  and  limy 
shales,  which,  where  exposed  on  Pine  point,  appear  to  be  sufficiently  compact 
to  a^t  as  a  capping  over  any  possible  oil-bearinf?  horizon  existing  below  these 
sediments.  But  the  sediments  underlying  the  Pine  Point  series  on  the  north 
shore  do  not  look  to  be  suitable  for  containing  oil,  although  the  immediately 
underlying  Fitzgerald  dolomitic  limestones  are  somewhat  porous. 

Undoubtedly  the  Presqu'ile  dolomites  are  the  best  container  for  oil  and  if 
an  imi>eryious  capping  can  be  found  overlying  these  in  a  district  structurally 
suitable,  the  conditions  would  at  least  warrant  exploration  with  the  drilL 
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Hay  river  gives  an  excellent  section  through  the  sediments  overflying  the 
dolomites.  This  section  shows  340  feet  of  a  soft,  fissile  clay  shale  overlain  by 
200  feet  of  rather  massive  limestones.  Between  the  shales  and  the  dolomites 
are  250  feet  more  of  soft  shales  and  200  feet  of  a  thin-bedded  shaly  limestone. 
This  790  feet  of  shaly  material  would  prove  an  ideal  capping  for  an  oil  field. 

The  well  drilled  at  Vermilion  chutes  by  the  Peace  River  Development 
Corporation  is  the  only  one  whic^h  has  x>enetrated  the  Devonian  sediments. 
The  log  of  the  well  is  given  below  and  for  purposes  of  comparison  a  summary 
of  the  Hay  River-Great  Slave  Lake  section  is  given  with  it.  It  is  to  be  noted 
that  the  fossil  evidence  shows  the  limestones  outcropping  in  the  vicinity  of 
Vermilion  chutes  to  be  analogous  to  the  upper  limestones  found  on  Hay  river. 


Hay  River-Great  Slave  Lake  section 


Well  log  at  Vermilion  chutes,  Peace 
river 


Upper  Devonian: 

Hay  River  limestone  series 

Feet 

Limestone 200-1- - 

Clay  shale 49 

Limestones 51 

Hay  River  shale  series 

Clay  shales  with  limestones 400 

Simpson  shales 250+ - 

Middle  Devonian: 

Slave  Point  limestone 200+  - 

Presqu'ile  dolomites 375 

Pine  Point  limestones 505 

Upper  Silurian: 

Fitiserald  dolomite  limestones     275 
Red  beds 595 

Preoambrian: 

Granites  and  metamorphics 


Feet 

Limestones 129 

Clay  shales 40 

Limestones 131 

Clay  shales 550 

Depth  of  weU 850 

Flooded  by  salt  water  and  abandoned. 


The  well  driller  reports  oily  or  bituminous  matter  in  the  limestone  strata 
in  sufficient  quantity  to  cause  stickiness  and  somewhat  hinder  drilling  opera- 
tions, though  not  in  sufficient  quantity  or  fluid  Plough  to  give  a  flow.  It  is  to 
be  regretted  that  it  was  found  impossible  to  continue  the  veil  to  greater  depths. 
Another  200  feet  or  300  feet  might  have  penetrated  the  dolomites  and  proved 
the  value  of  that  horizon  as  an  oil  container  at  this  locality. 

Bandle's  section  on  Peace  river  near  Little  rapids,  however,  shows  that, 
there,  the  Upper  Silurian  gypsum  beds  are  unconformably  beneath  the  shale 
series  and  the  porous  Presqu'ile  dolomites  are  absent.  Whether  or  not  similar 
conditions  hold  at  Vermilion  chutes,  100  miles  farther  west,  cannot  be  stated 
until  another  well  is  drilled  in  the  vicinity. 

The  oil  occurrences  at  Nintsi  point  appear  as  seepages  on  the  exposed  sur- 
faces of  the  oil-bearing  horizon  and,  tlherefore,  if  an  oil  fleld  is  to  be  located 
in  this  horizon  it  should  be  looked  for  to  the  west  of  the  outcrops  where  it  will 
be  under  the  suitable  cover  of  Hay  Eiver  or  Simpson  shales. 

A  possible  explanation  of  the  oil  seepages  at  Nintsi  point  is  worthy  of 
notice.  The  sulphur-bearing  waters  rising  from  below,  carrying  considerable 
quantities  of  calcium  and  magnesium  salts  and  peroolatiug  through  the  over- 
lying thin-bedded,  dolomitic  limestones  change  them  to  crystalline  magnesium 


Digitized  by 


Google 


39  8 

limestones  and  dolomites.  In  the  process  bitumen  is  set  free  and  forced  into 
the  cavities  in  the  dolomites  or  through  the  fissures  develo];>ed'  during  dolomiti- 
zation,  to  the  surface,  to  form  the  tar  and  oil  i>ools. 

The  field  facts  upholding  this  explanation  are: 

Certain  parts  of  the  beds  are  not  yet  completely  changed  to  dolomite,  but 
are  made  up  of  a  coarsely  crystalline  white  dolomite  mixed  with  a  more  finefly 
crystallized,  dark  brown,  bituminous,  dolomitic  limestone.  No  distinct  line  of 
separation  exists  between  the  two  phases  and  there  is  a  gradaticm  of  one  into 
the  other. 

In  places  the  outlines  of  fossil  remnants  are  distinctly  visible.  In  the 
neighbourhood  of  Sulphur  bay  to  the  north  of  Nintsi  point  similar  dolomites 
occur  and,  there,  distinct  fossils  are  numerous,  though  they  show  a  partial 
recrystallization  into  curved  rhombohedral  crystals  of  dolomite. 

No  natural  gas  accompanies  the  oil  seei>ages. 

If  the  above  is  the  true  explanation  of  the  conditions  at  Nintsi  point,  it 
would  tend  to  show  that  the  oil  seepage  there  represents  only  local  conditions 
and  the  possibility  of  a  commercially  economic  oil  horizon  in  the  Presqu'ile 
dolomite  is  small.  On  the  other  hand^  the  oily  matter  in  the  cavities  in  the 
Presqu'ile  dolomites  exposed  at  Presqu'ile  point  and  Burnt  islands  indicates 
much  more  extensive  oil-bearing  conditions  and  tends  to  prove  that  the  struc- 
tural conditions  are  the  deciding  factor  in  the  concentration  of  the  oil.  "Wliii^ 
explanation  is  the  correct  one  will  only  be  proved  when  a  well  is  drilled  into 
the  dolomites  through  the  oveiiying  impervious  capping.  It  is  the  writer's 
opinion  that  the  oil  seepages  at  Nintsi  point  are  probably  the  product  of  the 
joint  action  of  both  conditions. 

Kegarding  the  character  of  the  oil,  the  following  table  gives  analysis  of  a 
sample  collected  at  the  seepages  and  for  comparative  purposes  an  analysis  of 
a  sample  from  one  of  the  wells  on  Peace  river  near  Peace  Biver  crossing. 

Comparative  Analyses  of  Oils  from  Great  Slave  Lake  and  Peace  River 


Great  Slave  lake 


Peace  river 


8p.  Iff.  crude  at  16'5*  C 

Sidpnar  in  crude 

Cal.  value  (B.T.U.)  crude 

OO  distillate  by  vol 

Firrt  drop 

Gasoline  and  kerosene  (to  150"  C.) 

niuminants  (160"  to  30(f  C.) 

Lubricants  and  residue 


0057 
1% 
18070 
64-5% 
178»C. 

23%  of  distillate 

77% 


0-984 
4-9% 
17520 

32-5%ofdistillate 

S4-5% 


It  has  already  been  noted  that  nearly  all  the  limestones  outcropping  on 
the  lake  shore  are  bituminous.  At  Nintsi  (Windy)  point,  thin-bedded,  dolo- 
mitic limestones,  porous  and  cavernous  and  highly  fossiliferous,  apparently 
overlie  the  massive,  crystalline  dolomites  that  may  be  the  product  of  secondary 
alteration  of  the  dolomitic  limestones.  Cold  sulphate  water  springs  occur  in 
the  crystalline  dolomites  and  though  unfortunatefly  no  sample  of  the  waters 
was  taken  for  analysis,  a  partial  analysis  of  salt  encrustations  from  near  one 
of  the  springs   showed  abundant  sulphates  and   carbonates   of   calcium   with 
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from  shaly  or  limy  bedd  in  the  series  indicate  an  Upper  Silurian  age.  At 
Oypsum  point,  limestones  carrying  Upper  Silurian  fauna  overlie  a  series  of 
red  arenaceous  limestones  carrying  gypsum  and  it  is  assumed  that  the  gypsum 
is  characteristic  of  the  Silurian  in  the  area  and  that  the  fauna  is  indicative 
of  Silurian  sediments. 

Beporting  on  the  gypsum  deposits  between  Peace  and  Slave  rivers,  Cam- 
sell^  says,  in  part: 

"At  almost  all  the  outcrops  of  Palseozoic  rocks  in  the  area  an  important 
deposit  of  gypsum  occurs.  How  much  of  the  region  is  actually  underlain  by 
gypsum  it  is  difficult  to  say,  but  the  area  must  be  very  great  and  can  probably 
be  measured  in  hundreds  of  square  miles. 

"On  Peace  river  gypsum  is  exposed  on  both  banks  of  the  river  almost 
continuously  for  a  distance  of  15  miles,  or  from  Litde  rapids  at  a  point  5  miles 
below  Peace  point.  The  exposed  thickness  varies  from  a  few  feet  up  to  a 
maximum  of  60  feet,  the  latter  occurring  on  the  south  side  of  the  river  at  the 
foot  of  the  rapids.  The  gypsum  is  usually  white  and  mafisive,  but  in  places 
it  is  earthy  and  thin  bedded  or  holds  narrow  bands  of  dolomitic  limestone. 
Selenite  is  rare,  but  thin  veins  and  beds  of  satin  spar  are  conmion.  Anhydrite 
16  occasionally  present  in  rounded  nodules  or  thin  beds.  Overlying  the  gypsum 
is  a  fractured  and  broken  bed  of  limestone,  but  frequently  this  has  been 
removed  by  erosion  and  glacial  drift  6  to  16  feet  thick  forms  the  only  capping.'* 

Camsell  estimates  at  least  217,000,000  tons  of  gypsum  in  the  vicinity  of 

'  these  Peace  Biver  outcrops.    Much  of  this  tonnage  is  favourably  situated  for 

mining  on  account  both  of  its  location  and  tiie  thin  overburden  of  drift.    No 

attempts  have  been  made  to  work  the  gypsum  and  no  claims  have  as  yet  been 

taken  up. 

Camsell's  section  at  La  Butte  on  Slave  river  shows  a  10-foot  bed  of  a 
somewhat  earthy  gypsum,  thin-bedded  and  white,  grey  or  bluisli  in  colour. 
Seams  of  selenite  and  satin  spar  traverse  the  beds,  whicli  are  oveilain  by  some 
20  feet  of  brecciated  limestone. 

Gypsum  is  said  to  underlie  the  brecciated  Hmestones  at  Bell  rock  near 
Fort  Smith,  and  outcrops  on  Slave  river  immediately  below  pointe  Ennuyeuss 
where  a  thickness  of  about  4  feet  of  thin-bedded,  impure  gypsum  is  exposed 
near  water-level. 

In  the  escarpment  at  the  salt  plains  west  of  Fort  Smith  gypsum  exposures 
lip  to  40  and  60  feet  are  reported  by  CamselL  The  gypsum  i^  thin  bedded, 
white  or  greyish,  and  disposed  in  horizontal  beds.  Occasional  narrow  beds  of 
anhydrite  or  dolomite  are  interbedded  with  the  gypsum.  Northward  the  gypsura 
appears  to  thin  and  is  overlain  by  beds  of  grey  crystalline  dolomite. 

Begarding  the  extent  of  these  deposits,  Camsell  says: 

"The  escarpment  is  known  to  extend  more  or  less  continuously  from  a 
point  some  8  miles  southwest  of  Fitzgerald  in  a  sinuous  line  northwestward 
for  about  40  miles,  or  beyond  Little  BuflPalo  river.  Since  the  escarpment  is 
probably  caused  by  erosion  where  hard  resistant  beds  overlie  softer  and  more 
soluble  strata,  it  is  reasonable  to  suppose  that  as  the  strata  of  the  escarpment 
are  horizontal,  gypsum  will  be  found  to  occupy  the  base  of  the  escarpment 
throughout  the  greater  part  of  its  length.  This  stispicion  is  borne  out  by  the 
character  of  the  surface  on  the  top  of  the  escarpment,  which  is  broken  and 
pitted  with  sink-holes  in  a  way  characteristic  of  a  gypsum  region.'* 

At  Gypsum  point,  on  Great  Slave  lake,  thin  beds  of  flesh-coloured,  impure 
gypsum  are  interbedded  with  brick-red,    arenaceous,    thin-bedded    limestones. 

iCamseU,  C.  "Salt  and  Osrpsum  Deposits  of  the  District  between  Peace  and  Slave 
Rivers,  Northern  Alberta/'  Geol.  Surv.,  Can.,  Sum.  Rept,  1916. 
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Tliin  seams  and  stringen  of  pink  satin  spar  trayene  tbe  gypeom  beds  and  in 
the  arenaceous  limestones  casts  of  large  salt  crystal  '^ funnels''  are  numerous. 
The  gypsum  as  exposed  is  too  thin-bedded  and  injure  to  be  Yaluable,  but  its 
presence  here  indicates  the  extent  of  gypsum  deposits  in  the  Silurian  sedi- 
ments. 

The  well  of  the  Imperial  Oil  Company  drilled  at  Kintsi  point  i>assed 
through  65  feet  of  gypsum  and  anhydrite  in  one  bed  and  10  feet  in  another, 
and  the  grey  dolomitic  limestones  associated  with  Aese  deposits  appear  to 
carry  other  numerous  stringers  or  thin  beds.  The  red  beds  directly  following 
these  dolomitic  limestones  are  also  highly  gypsiferous  and  carry  several 
deposits  of  appreciable  thickness  as  well  as  considerable  quantities  of  salt. 


SALT 

Rock  salt  is  to  be  looked  for  associated  with  gypsum,  and  is  reported  in 
the  logs  of  most  of  the  weBs  drilled  in  the  region.  The  reported  occurr^ice 
of  thick  beds  of  salt  encountered  in  wells  drilled  for  oil  in  the  vicinity  of 
McMurray  led  the  Provincial  Oovemment  of  Alberta  to  sink  a  well  for  salt  at 
McMurray  during  the  summer  of  1920.  The  log  of  this  well  has  already  been 
given. 

Allan  gives  the  following  analyses  of  samples  of  salt  from  the  core  of  this 
well: 

Analyses  of  Rock  Salt  from  Drill  Core 


1 

2 

3 

4 

Water,  soluble 

53-78 

1-94 
97-28 
0-40 
000 
0-00 

OM 

4-74 
94-78 
0- 

0-00 
000 

0-40 

0-90 
96-4S 

0-00 
000 

Insolable 

o<ao 

Analyses  of  water,  soluble 
Calcium  sulphate 

2*78 

Sodium  chloride 

90-53 

Ignition  loss 

0*18 

Magnesia ... 

0-00 

Potash 

0-00 

1.  Transparent  rock  salt  from  660  feet. 

2.  Rock  salt  from  the  14-(oot  bed. 

3.  Transparent  rock  salt  from  650  feet. 

4.  Rock  salt  with  anhydrite  lenses  from  645  feet. 

Saline  springs,  depositing  salt  in  naturally  formed  evaporating  basins, 
occur  in  several  places  along  the  foot  of  an  east-facing  escarpment  on  the 
banks  of  Salt  river  west  of  Fort  Smith.  Camsell^  reports  the  salt  deposited  in 
shallow  basins  about  or  near  the  brine  springs  issuing  from  the  base  of  the 
escarpment  There  is  evidence  that  the  salt  probably  did  not  come  from 
bedded  deposits  but  from  crystals  of  the  mineral  disseminated  through  tiie 
gypsum  beds  in  the  base  of  the  escarpment  The  occurrence  of  bedded  dei>osit8 
of  rock  salt  found  by  drilling  near  McMurray  to  the  south  and  at  Nintsi  point 
to  the  north,  however,  suggests  the  i)088ibility  of  bedded  salt  deposits  at  this 
point,  at  depth.  Four  groups  of  springs  occur,  tbe  three  important  ones  being: 
Snake  Mountain  springs,  Hudson's  Bay  Company  springs,  and  Roman  Catholic 
Mission  springs.  Altogether  about  4  tons  of  salt  are  annually  collected  from 
these  springs  for  the  trading  posts  and  missions  of  the  Mackenzie  basin. 

iCamsell,  C,  "Salt  and  Osrpsum  Deposits  in  the  District  between  Peace  and  Slave 
Rivers,  Northern  Alberta/'  QeoL  Sunr.,  Can.,  Sum.  Rep.,  1916. 
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From  Hudson's  Bay  springa,  sample  taken  August  21»  1916 
Contains  in  1,000  parts  by  weight 


Potassium . 
Sodium . .  . 
Calcium. .  . 
Magnesium . 
Chlorine..  , 
SO4 


Ions 


0*6 
101-5 

1-2 

02 
167-7 

31 

264-2 


Hypothetical  combination 


Potassium  chloride. 
Sodium  chloride .  . . 
Calcium  sulphate  . . 
Sodium  sulphate.  . . 
Magnesium  chloride. 


09 
2580 
41 
0-4 
08 

264-2 


Temperature  of  air  on  collection 

Temperature  of  brine 

Sp.  gr.  at  65«»  P 

Flow  about  li  gals,  per  mln.  from  each  of  eight  springs. 


62^*  F. 

42*  F. 

1-204 


No.  2. 


Roman  Catholic  Mission  springs,  August  26,  1916 
Contains  in  1.000  parts  by  weight 


Ions 


Hypothetical  combination 


Potassium 

0-4 

Potassium  chloride .    . . 

0-8 

Sodium 

1008 

Sodium  chloride .   . .   . . 

266-3 

Calcium 

1-2 

Calcium  sulphate  . .   . . 

4-2 

02 

Sodium  sulphate 

0-2 

Chlorine 

SO4 

156-6 
31 

Magnesium  chloride.  . . 

0-8 

262-3 

2623 

Temperature  of  air  on 
Temoerature  of  brine. 

collection. .    . 

70*  F. 

35*»  F. 

8p.  gr.  at  65*  F..   .. 

1-204 

Flow  about  3  gals,  per  min. 

No.  3.     Snake  Mountain  springs,  August  29,  1916 
Contains  in  1,000  parts  by  weight 

Ions  Hypothetical  combination 


Potassium 

0-4 

Potassium  chloride .    . 

0-8 

Sodium 

100-7 

Sodium  chloride.   ..    . 

256  0 

Calcium 

1-2 

Calcium  sulphate  . .   .  < 

4-2 

Magnesium 

02 

Sodium  sulphate 

02 

Chlorine 

1564 

Magnesium  chloride.  . 

0-8 

SO4 

8-1 

2620 

2620 

Temperature  of  air  on 

collection . .   . 

58»  F. 

Temperature  of  brine. 

40"  F. 

Sp.  gr.  at  66'  F. .    . . 

1-202 

Flow  in  gals,  per  min . 

4to6 

These  analyses  show  that  sodium  chloride  constitutes  in  each  sample  over 
57 -6  per  cent  of  the  total  solids.  The  percentage  of  26  per  cent  dissolved  matter 
iiidicatee  a  satura^  solution  of  salt  at  the  brine  temperature. 

The  Imperial  Oil  Company's  oil  well  at  Nintei  point  on  Great  Slave  lake 
penetrated  salt  beds  at  1,070  feet,  1,090  feet,  1,200  feet,  and  1,380  feet,  as 
shown  by  the  log  of  the  well  previously  given.  All  these  salt  beds  occur  in 
the  Red  beds  imderlying  the  gypsiferous  dolomitic  limestone  of  the  Fitzgerald 
series.  Samples  obtained  from  the  drilling  operations  on  washing  ehow  a 
remarkably  clear  almost  colourless  rock  salt  carrying  we/11  over  90  per  cent 
sodium  chloride.  Some  samples  are  stained  the  characteristic  brick  red  colour 
of  the  interbedded  shales,  whereas  others  are  almost  clear  white.  A  total  esti- 
mated thickness  of  60  feet  of  salt  is  shown  in  the  four  beds  mentioned  above. 
The  majority  of  the  cuttings  from  the  interbedded  red  shales  show  a  consider- 
aMe  quantity  of  salt  and  gypsum  intermixed  with  the  shale. 
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POTASH 

Fotaeeiiim  salts  are  to  be  kx^ed  for  in  association  with  gypsum  and  salt 
beds  and  prospecting  for  them  has  been  done  near  the  gypsum  beds  on  Peace 
and  Slave  rivers,  but  without  success.  The  humidity  of  the  region  would  not 
allow  outcrops  of  the  soluble  chloride  and  sulphate  salts  to  remain  exposed. 
Until  extensive  drilling  operations  are  carried  on,  the  existence  of  potash 
deposits  at  depth  can  be  determined  cHily  by  analysis  of  underground  waters 
that  reach  the  surface. 

The  analyses  already  quoted  of  mineral-bearing  waters  show  that  the  pro- 
portion of  potassium  is  too  low  to  be  extracted  on  a  commercial  scale;  and 
there  is  nothing  to  indicate  that  the  water  of  these  springs  has  passed  through 
rocks  containing  an  unusual  proportion  of  potash. 
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INTRODUCTION 

Xhe  season  of  1921  was  spent  in  making  a  geological  examination  of  the 
ttry  along  Mackenzie  river  between  Great  Slave  lake  and  Simpson  (Map 
f  Micrometer  surveys  by  canoe  were  carried  up  Horn  river  for  126  mile^, 
)  '•out  river  for  nearly  100  miles,  and  up  Eakisa  (Beaver)  river  to  and 
•j.i  lake  Eakisa.  This  lake  has  a  shoreline  of  over  60  miles  and  is  much 
tr  than  sketched  on  existing  maps.  Geological  traverses  back  from  the 
rs  and  lakes  were  made,  the  longest  being  into  Horn  mountains  from  a 
It  on  Horn  river  about  26  miles  above  Fawn  lake. 
*  The  writer  wishes  to  acknowledge  the  many  acts  of  courtesy  accorded  him 

|be  various  people  whom  he  met.    In  particular  he  wishes  to  mention  Mr. 

I  ____^____— ^— ^_^^-^^-^-^-^^^— ^i— ^_^^^^___— ^^.^^^.^^^— _— ^_^^^— ^-_^_-^__^^^_— ^^_^___— ^-^-.^ 

>  Ttinerary    of    Parties   under   B.  J.  Whittaker,  G.  8.  Hume,  and  M.   Y.  WUliama, 

.»    *o  the  anticipated  rush  into  the  oil  fields  and  the  consequently  uncertain  nature  of 

''.  I     it  conditions  it  was  deemed  advisable  for  the  (Geological  Survey  parties  to  be  as 

Api  .-ident  as  possible  of  outside  aid.     A  scow  was,  therefore,  built  at  Peace  River, 

Ka,  in  which  the  combined  parties  of  thirteen  men  with  the  summer's  equipment  and 

ties  Journeyed  to  their  destinations.    Two  Bvinrude  motors  gave  steerageway  to  the 

ot  scow  and  helped  its  progress  downstream. 

^he  Journey  was  commenced  on  May  19.    Aided  by  the  swift  current  of  the  Peace 

rip  of  850  miles  to  Vermilion  chutes  was  made  in  Ave  and  a  half  days,  during  one  of 

the  scow  was  tied  up  owing  to  heavy  wind.    After  a  short  delay  the  scow  with  aU 

aboard  was  safely  run  through  the  rapids  by  a  skilful  pilot,  Joe  LaFleur  of  Fort 

kilion,  and  was  lined,  empty,  over  the  lower  chutes.    The  complete  operation,  includ- 

Tortaglng  and  reloading  of  the  scow,  occupied  only  half  a  day  and  by  noon  of  May  27 

,1      ond  stage  of  the  Journey  to  Fitsgerald  began.     This  was  accomplished  without 

U  ,it  and  the  parties  reached  Fitzgerald  on  May  SI  almost  exactly  twelve  days  from 

Mme  of  departure  from  Peace  River. 

The  whole  outfit  was  taken  across  the  portage  at  Smith  rapids  by  the  tractor  of  the 
irta  and  Arctic  Transportation  Company,  to  avoid  the  risk  of  taking  the  scow  through 
rapids. 

At  Fort  Smith  the  Geological  Survey  parties  Joined  forces  with  those  of  the  Topo- 
ttiical  Survey  under  Messrs.  Selbert,  Bowman,  and  Norrish,  and  all  Journeyed  together 
kr  as  Providence.  Fort  Smith  was  left  at  noon  June  7  and  the  mouth  of  SawmUl 
ineh  Slave  river,  was  reached  on  the  morning  of  the  lOth.  The  worst  weather  of  the 
4  -wan  encountered  on  this  stretch  causing  some  delay.  A  fifth  party,  under  Mr. 
«  •  ^  ictie't.  Joined  the  flotilla  a  short  distance  above  'the  mouth  of  the  river,  so  that  the 
*  ) '  ^    t>lete  parties  now  included  about  sixty  men  with  five  scows. 
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Ballsillie,  the  Hudson's  Bay  Company's  repreeentative  at  Providence;  the  mem- 
bers of  the  mission  at  Proyid^ice;  and  Mr.  Vale  of  Hay  River.  He  wishes 
also  to  record  the  assistance  and  hearty  co-operation  of  the  Topographical 
Survey  parties.    Mr.  A.  K.  McGill  acted  very  capably  ae  assistant. 

GENERAL  CHARACTER  OF  THE  COUNTRY 

MACKENZIE   LOWLANDS 

The  area  between  the  north  arm  of  Great  Slave  lake  and  Mackenzie  river 
is  part  of  the  Mackenzie  lowlands.  It  is  heavily  drift-covered.  This  part  in 
general  is  a  flat  plain  with  many  lakes  and  muskegs  and,  except  for  very  nar- 
row strips  along  the  banks  of  the  rivers,  is  pooriy  drained.  Although  parts  of 
the  area  are  fairly  well  wooded  there  is  a  large  amount  of  muskeg,  either 
quite  treeless,  or  else  covered  with  sparse  and  stunted  spruce  trees.  Belts  of 
forest  and  treeless  areas  alternate  irregularly.  Almost  the  whole  area  drains 
towards  the  Mkckenzie,  except  a  narrow  fringe  on  the  west  side  of  the  north 
arm  of  Great  Slave  lake  and  south  of  lake  la  Martre.  The  drainage  is  effected 
by  many  small  credcs  and  three  rivens — ^the  Horn,  Spence,  and  Rabbitskin. 
All  three  are  sluggish  at  their  mouths,  but  soon  contract  and  become  swift 
and  broken  streams. 

Horn  river,  which  is  much  the  most  important,  drains  into  Little  lake 
near  its  upper  end,  but  also  connects  by  one  large  and  many  small  intersecting 
channels  with  Mackenzie  river.  It  averages  200  yards  in  width  for  the  first  5 
miles  above  its  mouth  and  has  a  gentle  current;  then  narrows  to  200  feet  and 
the  current  increases  to  4  or  5  miles  an  hour.  Its  banks  are  low,  seldom  above 
26  feet  except  for  a  short  distance  in  the  upper  reaches  where  there  are  shale 
cliffs  60  feet  high.  With  the  exception  of  short  stretches  of  lake-clays  and 
the  above-mentioned  shale,  the  banks  are  composed  of  till  from  which  came 
the  many  bouldens  that  now  occupy  the  bed  of  the  river.  Boulder  pavements 
are  oonmion.  Up  to  Fawn  lake  the  country  has  been  largely  burnt  over,  and  is 
now  covered  with  a  dense  growth  of  young  poplar  as  far  back  from  the  river 
as  good  drainage  permits. 

Mink,  Birch,  and  Fawn  lakes,  also  called  First,  Second,  and  Third  lakes, 
occupy  shallow  depressions  in  the  valley  and  have,  except  as  hereafter  noted, 
uniformly  low  willow-lined  shores.  The  river  is  an  almost  continuous  rapid 
except  for  the  short  distance  between  Birch  and  Fawn  lakes.  In  that  stretch 
it  flows  sluggishly  in  a  wider,  deep  channel  carved  through  lake  clays,  and  it 

Great  Slave  lake  bad  become  free  of  ice  about  'a  month  earlier  than  usual.  A 
ffasoline-power  boat  was  chartered  from  Alex.  Lou  tit  of  Resolution,  and  the  journey  was 
continued  on  the  day  of  arrival.  The  scows  were  separately -taken  throuflrh  the  intricate 
channels  off  the  delta  of  Slave  river  and  assembled  near  Mission  Island  where  they  were 
taken  in  tow  at  midnigrht  by  the  motor  boat.  Favourable  weather  continuing.  Hay  river 
was  reached  on  the  afternoon  of  June  11  and  after  a  short  stay  the  last  stage  of  the 
journey  was  undertaken  and  all  the  scows  brought  safely  to  Wrigley  at  the  head  of  the 
Mackensie.  early  Sunday  morning  June  12.  The  distance  from  Resolution  to  Wrigley  by 
way  of  Hay  river  is  nearly  110  miles.  For  many  days  and  nights  travel  had  been  almost 
continuous  and  the  day  after  arrival  was  devoted  to  rest  and  relaxation. 

On  June  18,  at  the  upper  end  of  Beaver  lake,  Mr.  Blanchet  commenced  work  on  the 
survey  of  Mackensie  river.  Providence  was  reached  shortly  after  midday  and  here  the 
Geological  Survey  party  under  Mr.  Whittaker,  and  Mr.  Seibert  of  the  Topographical 
Survey,  disembarked.  Providence  was  the  headquarters  of  Mr.  Whittaker  who,  during 
the  summer,  examined  the  country  between  Great  Slave  lake  and  Simpson. 

The  other  geological  parties  under  Dr.  Williams  and  Mr.  Hume,  continued  together 
as  far  as  Two-island  Indian  village,  81  miles  below  Simpson.  The  country  between 
Simpson  and  Wrigley  was  geologically  mapped.  Dr.  Williams  working  on  the  east  side 
of  the  Mackensie  and  Mr.  Hume  on  the  west.  Although  these  parties  acted  independently, 
a  common  base  of  supplies  was  maintained  on  the  scow  which  was  moved  slowly  down  the 
river  for  that  purpose.  By  August  8  the  work  had  been  completed  as  far  north  as 
Wrigley  and  it  was  deemed  advisable  to  visit  the  oil  field  at  Norman.  The  journey  was 
continued  by  scow  as  far  as  Norman,  the  outcrops  along  the  banks  of  the  Mackensie  being 
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aeems  probable  that  these  lakes  were  once  united.  The  general  course  of  Horn 
river  from  the  Mackenzie  to  Birch  lake  iB  north  30  degrees  east,  but  its  course 
changes  abruptly  as  it  swings  around  the  southeastern  end  of  Horn  mountains 
and  as  far  as  the  surrey  was  carried,  continues  north  50  degrees  west.  At  this 
point  the  stream  was  75  feet  wide.  Its  principal  tributary,  Laferte  creek, 
flows  into  Mink  lake  a  short  distance  west  of  its  outlet  and  drains  the  southern 
slopes  of  Horn  mountains  just  as  the  main  river  above  Fawn  lake  drains  the 
northern,  eastern  slope. 

Rising  to  a  height  of  2,000  feet  from  the  monotonous  plain  of  muskeg 
and  lake,  Horn  Mountain  range  roughly  parallels  the  Mackenzie  and  disappears 
opposite  Simpson.  These  hills  rise  gradually  to  a  height  of  about  1,200  feet 
above  the  plain  in  a  distance  of  about  6  miles.  At  this  height  the  slope  is 
truncated  by  a  level  strip  averaging  1}  miles  wide,  and  then  follows  an  abrupt 
rise  of  400  to  500  feet  to  the  top  of  the  range,  wbich  is  a  plateau  (Plate  I  A), 
almost  treeless,  covered  with  caribou  moss,  and  dotted  with  small  ponds.  One 
of  these  ponds  is  worthy  of  being  called  a  lake,  being  about  1}  miles  long  by 
i  mile  wide. 

Only  the  southeastern  end  of  the  range  was  explored.  It  averages  8  miles 
in  width  at  this  end,  but  apparently  widens  out  farther  to  the  northwest 

The  trees  on  the  bare  pflateau  of  the  range  rfiow  plainly  the  effect  of  the 
prevailing  winds.  The  limbs  all  point  to  the  southeast,  and  the  northwest 
sides  of  the  trees  are  scarred  and  limbless-  Mink,  Birch,  and  Fawn  lakes  have 
willowy  and  marshy  shores  on  the  northwest  sides,  but  the  southeast  sides  are 
covered  with  boulders  and  an  occasional  sand  or  gravel  beach.  This  is  evi- 
dently due  to  the  prevailing  winds,  the  heavy  wave  action  on  the  southeast 
sides  forming  a  beac/h  in  each  case. 

ALBERTA  PLATEAU 

The  area  lying  to  the  south  and  west  of  Mackenzie  and  Liard  ;river8, 
excluding  a  narrow  strip  of  low  land  along  the  Mackenzie  from  Great  Slave 
lake  to  a  point  opposite  Habbitskin  river,  belongs  to  the  physiographic  province 
known  as  Alberta  plateau.  Its  north  and  east  boundaries  are  sharply  defined 
by  a  prominent  escarpment  which  extends  from  Hay  river  south  of  Great  Slave 
lake,  around  the  western  end  of  the  lake,  and,  after  roughly  paralleling  the 
Mackenzie,  disappears  a  short  distance  above  Simpson.  This  escarpment  can 
be  first  seen  from  the  river  just  below  Little  lake.  The  plateau  at  the  escarp- 
ment in  this  area  averages  300  to  400  feet  above  the  Mackenzie  and  gradually 

studied  at  various  places.  The  trip  from  Norman  to  the  oil  well  of  the  Imperial  Oil 
Company  was  made  in  a  canoe  fitted  with  an  Bvinrude  motor*  the  return  to  Norman 
being  made  on  August  16.  While  waiting  there  for  the  Hudson's  Bay  Company's  steamer 
MackettMie  River  the  strata  on  Bear  mountain  and  near  Norman  were  examined.  From 
the  Tertiary  beds  a  collection  was  made  of  plant  material,  a  report  on  which  by  W.  A. 
Bell  accompanies  the  report  of  O.  S.  Hume. 

The  return  trip  commenced  August  26.  A  very  fast  run  was  made  without  any 
delays  and  Edmonton  was  reached  seventeen  days  later.  At  Providence  Mr.  WhVttaker 
and  party,  who  had  returned  only  the  day  before  from  their  last  trip  up  Kaklsa  river, 
boarded  the  steamer,  thus  uniting  the  three  geological  parties  after  a  separation  of  two 
and  a  half  montha  At  Resolution  Mr.  Hume  and  one  canoeman  disembarked  to  visit 
Caribou  Island  at  the  east  end  of  Great  Slave  lake  where  the  Aurous  Gold  Mining  Com- 
pany claim  is  located.  The  remainder  of  the  parties  continued  up  Slave  river  to  Port  Smith 
which  was  reached  on  September  4.  By  the  evening  of  the  following  day  all  the  freight 
and  passengers  had  been  transported  over  the  16-mlle  portage.  The  trip  up  Slave  and 
Athabaska  rivers,  on  the  steamer  McMurray,  was  accomplished  without  delay  and  McMur- 
ray  was  reached  Friday  morning  September  9.  Passengers  and  freight  were  taken  18 
miles  up  Clearwater  river  and  across  to  the  end  of  steel  on  The  Alberta  and  Great  Water- 
ways railway  In  time  to  catch  the  weekly  train  reaching  Edmonton  Sunday  evening 
September  11.  Mr.  Hume,  who  on  his  return  from  Caribou  island,  was  not  able  to  secure 
such  prompt  connexions,  was  delayed  along  with  the  Topographical  Survey  parties  which 
did  not  leave  FItsgerald  until  September  25.  The  same  route  was  followed  and  Edmonton 
was  reached  on  October  2. 
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but  slowly  rises  to  the  eastern  range  of  Kocky  mountains.  The  drainage  is 
poor  and  the  country  is  covered  with  muskegs  and  lakes,  though  not  so  much 
so  as  the  Mackenzie  lowlands.  Between  Great  Slave  lake  and  Simpson  the 
area  is  drained  by  Kakisa,  Bouvier,^  Redknife,  Trout,  and  Liard  rivers.  These 
rivers  are  all  very  much  alike.  They  are  turbulent,  broken,  and  swift  in  their 
upper  reaches  and  pass  over  the  escarpment  to  the  lowlands  by  a  series  of  falls 
and  rapids,  where  the  river  has  cut  down  to  the  underlying  rock.  Elsewhere 
a  heavy  mantle  of  drift  has  prevented  the  streams  from  cutting  down  to  bed- 
rock. 

Trout  river  16  nearly  half  a  mile  wide  at  its  mouth,  but  rapidly  contracts 
to  150  feet  and  flows  between  gravel  bars  in  a  low  valley  about  2,000  feet  wide 
cut  in  the  boulder  clay.  Upstream  the  river  becomes  swifter  and  narrower 
and  is  broken  by  rapids  much  greater  than  those  on  Horn  or  Hay  rivers. 
Seventeen  miles  above  the  mouth  the  valley  contracts  and  the  river  flows  at 
the  bottom  of  a  deep  gorge  with  perpendicular  clifls  rising  125  feet.  The 
current  runs  in  this  gorge  from  6  to  8  miles  per  hour,  but  is  so  smooth  that 
it  is  only  when  eeen  foaming  around  some  obstruction  that  a  proper  concep- 
tion can  be  formed  of  its  speed.  Three  miles  above  the  lower  end  of  the  gorge 
are  two  heavy  unnavigable  rapids.  Just  above  this  point  the  river  makes  an 
S  bend  and  in  quick  succession  passes  over  three  falls,  a  cascade  of  10  feet, 
a  fall  of  47  feet  passed  by  a  portage  one-third  mile  long,  and,  half  a  mile 
above  the  latter,  another  fall  of  17  feet  passed  by  a  portage  of  a  few  yards. 

Above  the  falls  the  river,  which  has  pursued  a  generally  southerly  course 
since  leaving  the  Mackenzie,  turns  to  about  20  degrees  south  of  west,  and 
maintains  this  course  as  far  as  the  survey  was  carried.  The  valley  widens  to 
over  a  third  of  a  mile,  with  vertical  cliffs  on  the  outer  sides  of  the  bends. 
The  current  is  easier,  and,  eighteen  miles  above  the  falls,  the  river  leaves  the 
cut  banks  behind  and  flows  through  a  flat  plain  which  averages  only  6  feet 
above  the  river.  One  low  dome  of  limestone  projects  20  feet  above  this  plain 
for  a  distance  of  three-quarters  of  a  mile.  The  river  in  this  section  widens  to 
200  feet  with  long  straight  reaches  in  which  the  channel  is  studded  with 
alluvial  islands.  Here  were  discovered  the  flrst  traces  of  Indian  habitation 
since  leaving  the  Mackenzie,  for  the  natives  avoid  the  lower  river.  The  cur- 
rent averages  4  miles  per  hour.  Forty  miles  above  the  falls  this  low,  level 
plain  which  represents  the  bed  of  an  old  lake  gives  way  to  higher  land  under- 
lain by  boulder  clay,  which  continues  as  far  as  the  survey  was  carried.  Through 
this  country  the  long,  straight  stretches  of  river  are  replaced  by  short  bencfe 
carved  in  the  boulder  clay,  and  the  river  is  an  almost  continuous  boulder  rapid. 
Trout  lake  was  not  reached  before  shallow  water  compelled  abandonment  of 
the  survey.  At  this  point  the  country  is  about  1,000  feet  above  the  Mackenzia 
Trout  lake  is  apparently  a  little  west  of  its  sketched  position  on  the  maps. 
In  the  last  30  miles  surveyed  ihe  river  drops  350  feet  and  its  current  averages 
7  miles  an  hour.  In  its  entire  course  Trout  river  receives  only  three  very 
small  tributaries,  each  about  12  feet  wide,  and  so  retains  its  volume  of  water 
throughout.    It  cannot  be  considered  in  any  sense  a  navigable  stream. 

The  falls  are  produced  in  the  same  manner  in  each  case.  A  hard,  resistant 
bed  of  limestone  forma  the  top  of  the  falls  and  is  underlain  by  softer,  shaly 
limestones  or  sandstones,  which  wear  back  more  rapidly  than  the  limestones. 

Redknife  river  was  not  explored,  but  from  an  examination  just  above  its 
mouth  it  seems  to  be  less  than  half  the  size  of  the  Trout  and  probably  is  less 
than  100  miles  long. 

1  The  name  Bouvier  has  been  applied  to  this  river  by  G.  H.  Blanche!  of  the  Topo- 
graphical Survey  Branch.  Dept.  of  the  Interior.  It  refers  to  M-  Bouvier,  a  pioneer  of 
this  country,  now  living  at  Providence. 
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BouTier  river,  which  is  nearly  equal  in  volume  to  Ee&nife  river,  flows  in 
from  the  south  side  ahout  25  miles  helow  Little  lake.  It  discharges  muddy 
water  instead  of  the  brown  water  characteristic  of  these  streams. 

There  are  no  streams  of  importance  on  the  south  side  of  the  Mackenzie 
between  Bouvier  river  and  Kakisa  river. 

Kakisa  river  heads  in  the  highlands  of  ibe  Oretaceous  plateau  to  the 
southwest  and  puraues  a  general  northeasterly  direction  to  join  the  Mackenzie 
BO  miles  above  Providence.  It  averages  200  feet  in  width.  In  its  course  it 
flows  through  two  large  lakes,  Tathlina  and  Kdcisa.  It  enters  the  Mackenzie 
by  two  main  and  several  small  channels.  About  2  miles  above  its  mouth  the 
river  is  dotted  with  islands  and  very  much  resembles  a  former  delta,  when  the 
Madcenzie  stood  at  a  higher  level  than  now.  This  river  is  cutting  down  its 
bed  very  slowly,  for  cut  banks  are  rara  Even  in  the  short  gorge  below  Lady 
Evciyn  falls — ^9  miles  above  its  mouth — the  river  bank  is  forest-covered,  and, 
owing  to  overhanging  bush,  is  bad  for  tracking.  The  river  cascades  at  inter- 
vals over  ledges  of  limestone  along  a  4-mile  stretch  in  the  middle  of  which  is 
Lady  Evelyn  falls.  These  are  passed  by  a  lift-over  at  the  lower  cascade,  6 
feet  high,  a  portage  of  I  of  a  mile  past  the  big  falls  and  cascades,  and  a  short 
portage  of  200  yards  past  the  upper  cascade,  4  feet  hig^.  Lady  Evelyn  falls  is 
a  beautiful  vertical  cataract  47  feet  high.  From  the  upper  cascade  the  river 
is  smooth  but  swift  to  lake  Kakisa. 

Lake  Ejikisa  is  nearly  25  miles  long,  and  its  long  axis  lies  25  degrees 
north.  It  is  about  8  miles  wide  at  its  eastern  end  and  gradually  narrows  to 
less  than  8  miles  at  its  western  end.  It  is  quite  shallow,  seldom  being  over 
12  feet  deep.  lie  shores  present  abrupt  contrasts  in  topography.  The  northern 
shore  is  low  and  uniform,  seldom  rising  more  than  6  feet  above  the  water  and, 
bade  of  that,  the  country  is  largely  muskeg.  The  southern  shore  is  more 
ragged,  showing  large  boulder  beaches  and  wave-cut  rock  cliffs,  and  back  from 
the  shore  200  feet  above  the  lake  is  an  abrupt  escarpment,  apparently  the  one 
seen  farther  down  the  Mackenzie.  It  continues  southeast  of  Kakisa  river  as 
a  broken  line  of  grass-covered  hills  which  reach  Eagle  mountains.  South  of 
this  escarpment  the  country  is  flat  and  the  rock  lies  close  to  lihe  surface.  This 
has  been  deeply  cut  by  many  small  streams  and  by  Kakisa  river  between 
lakes  Tathlina  and  Kakisa.  The  western  end  of  lake  Kakba  is  very  marshy. 
The  north  side  has  the  typical  muskeg  drainage  of  many  small  streams  2  or  8 
feet  wide.  On  the  southern  side  are  four  small  streams,  apart  from  Kakisa 
river.  This  river  becomes  swift  and  broken  about  2  miles  above  its  mouth 
and  remains  so  to  lake  Tathlina,  two  portages  being  necessary  to  pass  the 
woiBt  chutes.  According  to  Mr.  Seibert  of  the  Topograp/hical  Survey  the 
river  is  swifter  than  below  lake  Kakisa,  but  tracking  is  easier.  The  first  portage 
is  on  the  west  bank  of  the  river  and  is  three-quarters  of  a  mile  long.  Above 
this,  for  about  a  mile^  the  river  passes  through  a  shallow  gorge  flanked  by 
ledges  of  limestone  15  to  20  feet  high.  By  taking  advantage  of  slack  water, 
flrst  on  the  west  and  then  on  the  east  side,  a  canoe  may  be  paddled  through 
ilhiB  stretch  of  the  river,  except  for  a  chute  at  its  upper  end  necessitating  a 
short  portage.  For  6  miles  above  this  point  the  stream  widens  out,  the  banks 
become  lower,  and  the  current  is  easier.  Above  this  wider  part  and  up  to  lake 
Tathlina  the  river  narrows  between  high  limestone  banks  and  flows  at  8  miles 
an  hour  in  a  series  of  rapids.    Tracking  is  good  at  ordinary  stages  of  water. 

Lake  Tathlina  is  much  larger  than  indicated  on  existing  maps.  Thirty 
miles  of  the  north  shore  was  traversed  by  Mr.  Seibert  and  the  eastern  end  of 
l3ie  lake  was  not  visible.  It  is  very  shallow  and  its  shores  are  low  and  swampy. 
Kakisa  river  flows  in  at  its  western  end.  It  is  much  reduced  in  size  and 
navigable  for  canoes  for  about  15  miles  only.    South  of  the  lake,  the  land  rises 
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rapidly  for  several  hundred  feet  to  form  what  are  known  locally  ae  the  Cut- 
knife  hills.  A  deep  valley  is  cut  in  these  hiUs  by  a  large  river  which  enters 
the  lake  12  miles  eaet  of  its  western  end. 

South  of  Cutknife  hills  the  land  continues  to  rise  slowly  and  at  the  junc- 
tion of  the  sixth  meridian  knd  the  Alberta-Northwest  Territories  boundary 
(latitude  60  degrees,  longitude  118  degrees)  its  elevation  is  about  2,500  feet 
above  sea-level.  The  same  monotonous  succession  of  muskeg  and  pond  char- 
acterizes the  country  here  as  elsewhere.  From  the  above  position  lake  Batcho 
can  be  plainly  seen  away  to  the  southwest. 

Mackenzie  river  has  been  so  fully  described  elsewhere  that  the  writer  need 
only  state  that  from  Qreat  Slave  lake  to  10  miles  above  Providence  the  banks 
are  low  and  unimpressive.  From  this  point  to  Little  lake  (also  called  MiUs 
lake)  the  river  is  narrower  and  swifter,  and  passes  tiirough  a  boulder-clay  area. 
From  the  above  lake  to  the  Head-of-the-Line,  the  river  is  once  more  broad 
with  gentle  current  and  low  banks.  From  this  point  to  Simpson  it  is  narrow 
and  swift,  and  has  carved  its  bed  deeply  into  the  boulder  clay. 

TIMBER 

The  timber  of  this  area  is  not  of  a  very  high  quality,  the  majority  being 
suitable  only  for  pulpwood  and  the  stand  per  square  mile  averages  low.  Spruce 
and  birch  of  good  size  are  found  on  the  lower,  well-drained  slopes  of  Horn 
mountains,  but  are  not  easily  accessible.  Elsewhere  the  forest  hae  been  large^ 
reduced  by  fire.  Birch  suitable  for  canoes  is  obtained  at  a  few  favoured  locali- 
ties only.  All  the  Indians  at  Providence  obtain  their  bii^h  bark  from  Birch 
lake  on  the  route  from  that  fort  to  Rae.  Tamarack  is  very  common  along  the 
lower  ground,  but  no  large  living  trees  were  observed. 

FISH  AND  QAHB 

The  area  cannot  be  said  to  be  a  good  big-game  country.  During  the  whole 
summer  only  three  moose,  one  bear,  one  fox,  and  one  beaver  were  observed  by  the 
party.  In  the  rivers  jackfish  or  pike  are  abundant.  Bluefish  are  found  in 
Trout  river  above  the  falls,  and  at  iJie  head  of  several  islands  opposite  Provi- 
dence. The  inconnu  and  whitefish  are  found  in  Little  lake,  more  rarely  at 
Providence,  and  abundantly  at  Wrigley.  Whitefish  of  large  size  occur  also  in 
lakes  Kakisa  and  Tathlina.  The  lake  trout  is  found  rarely  bdow  Little  lake. 
Suckers  are  everywhere  abundant  in  the  river  eddies.  In  the  muddy  water 
of  Liard  river  fish  are  very  scarce. 

The  area  about  Little  lake  and  the  lakes  on  Hiom  river  and  in  Horn 
mountains  teem  with  ducks  and  geese,  and  geese  are  very  common  up  Trout 
river,  20  miles  above  the  falls,  and  also  on  lakes  Eakisa  and  Tathlina.  The 
snow-goose  or  wavy  is  less  common.  Waterfowl  are  abundant  along  the  Mac- 
kenzie between  Great  Slave  lake  and  Eakisa  river,  but  as  this  section  is  well- 
travelled  they  are  shy.  Spruce  partridge  are  abundant  in  the  wooded  slopes  of 
Horn  mountains.  In  the  winter  the  Indians  shoot  and  trap  the  common  fur 
animals,  but  the  returns  are  poor  compared,  for  instance,  with  parts  of  northern 
Ontario. 

TABLE  OF  DISTANCES  ALONG  RIVERS 

Kakisa  River 

Miles 

From  outlet  to  Lady  Bvelyn  falls • 

"   outlet  of  lake  Kakisa 14 

••         ••      ••   point  where   upper   Kakisa   river   enters   lake 

Kakisa 26 

••          "       "   lake  Tathlina  approximately 46i 

1  Information  on  the  upper  Kakisa  river  kindly  supplied  by  Mr.  F.  H.  Seibert  of  th« 
Topographical  Survey  Branch,  Dept.  of  the  Interior. 
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Horn  River 

From  outlet  to  outlet  Mink  lakes 

"      Birch  lakes 

'•         "       ••        "     Fawn  lakes 

••      '•    Sulphur  creek 

"  •*       "   Horseshoe  rapid 

"  "       ••   end  of  micrometer  survey . . 

Troui  River 

From  outlet  to  Table  Rock  rapid 

"   Second  falls 

**   Big  Bend 

"  "       **    foot  of  upper  rapids 

"      ••   end  of  micrometer  survey.. 


36 
66 
65 
78 
94 
12S 


14 
20 
22 

64 
97 


KATIVE  INHABITANTS 

The  Indians  in  the  area  under  discussion  belong,  with  one  exception,  to 
the  Slavi  tribe.  They  are  divided  into  several  distinct  bands.  One  band 
which  hunts  and  traps  up  Horn  river  and  in  Horn  mountains  is  referred  to 
as  the  Horn  River  Indians.  They  come  to  Providence  to  trade  in  the  spring 
and  remain  near  the  mouth  of  Horn  river,  supporting  themselves  by  &hing 
until  the  autumn  when  they  return  up  the  river  to  their  hunting  grounds.  On 
the  headwaters  of  Horn  river  a  band  of  Dog-Eib  Indians,  who  come  in  from 
Rae,  encroach  upon  their  hunting  grounds.  This  is  common  knowledge  and 
is  corroborated  by  the  fact  that  the  writer  discovered  in  this  locality  a  starving 
dog,  which  followed  the  party  to  the  mouth  of  Horn  river  and  was  not  claimed 
or  recognized  by  any  of  the  Horn  River  band,  all  of  whom  were  assembled  at 
this  point  at  that  time.  Hence  it  seems  probable  that  it  belonged  to  the 
Indians  from  Rae. 

Another  band  of  Indians,  known  as  the  Trout  Lake  band,  live  on  the 
shores  of  Trout  lake.  They  do  not  descend  Trout  river  to  its  mouth,  .but 
travel  overland  to  Liard  river  to  trade  at  either  Simpson  or  Liard. 

A  third  band  lives  at  the  west  end  of  lake  Tathlina  and  trades  at  Provi- 
dence. This  band  seems  to  have  had  a  composite  ancestry  which  embraces 
Trout  Lake  Indians,  Indians  from  Hay  river  and  Providence.  Confusion  has 
arisen  because  this  band  also  is  referred  to  as  the  Trout  Lake  Indians.  In 
general  these  Indians  have  kept  themselves  aloof  from  the  Itidians  and  white 
men  along  the  Mackenzie,  and  are  a  superior  type.  They  have  the  reputation 
of  being  more  industrious,  skilful  in  hunting,  and  reliable  than  otJher  Indians 
of  the  district. 

GENERAL  GEOLOGY 

In  the  area  under  discussion  formations  of  Devonian,  Cretaceous,  and 
Pleistocene  age  are  recognized.     The  general  section  is  as  follows: 

Tahle  of  Formations 


Thickness 


Pleistooene  and  Recent 

Cretaoeons 

Upper  Devonian 

Middle  Devonian 


Boalder  clay,  alluvial  and  lacustrine  deposits. 

Mountain  shales 

Hay  River  beds 

Simpson  shales 

Pine  Point  limestones 

Horn  River  shales 


Feet 

20-100 
100-^00 
700 
160 
100 
100 
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HORN  RIVER  SHALES 

The  shales  to  which  the  name  Horn  River  is  here  applied  are  first  seen  on 
Horn  river  11  miles  above  Fawn  lake.  Th^  outcrop  at  frequent  intervals 
along  the  river,  at  least  as  far  as  the  survey  was  carried.  They  are  brown- 
black,  fissile  much  jointed  and  fractured.  One  set  of  joint  planes  runs  about 
east  10  degrees  north,  but  others,  less  conspicuous,  run  about  due  north  and 
south.  These  shales  are  either  quite  horizontal  or  dip  very  gently  toward  the 
southwest  Locally,  small  folds  with  maximum  dip  of  about  8  degrees  are 
observed.  No  fossils  were  observed,  tho\i^  minute  markings  at  first  thought 
to  be  Styliolinae  were  noted.  Sixty  feet  of  these  shales  were  seen  with  die 
lower  part  covered.  Owing  to  their  position  immediately  below  the  Pine  Point 
limestones,  th^  are  placed  in  the  Mddle  Devonian. 

These  shales  may  be  identical  with  the  upper  part  of  the  red  and  reddish 
brown  shales  reported  from  the  Nintsi  Point  well  at  a  depth  of  1,040  feet 

PINE  POIKT  LIMESTONES 

This  formation  was  encountered  at  only  two  localities,  both  up  Horn  river 
about  30  miles  above  Fawn  laka  Fifteen  feet  of  flat-lying  limestone  were 
observed  immediately  above  the  Horn  Kiver  shales.  The  upper  surface  has 
been  smoothed  and  gouged  by  glacial  action.  These  limestones  are  dark  grey 
and  certain  layers  are  quite  fossiliferous.  The  fauna  is  similar  to  that  seen 
at  Resolution,  being  characterized  by  a  large  flared  Atrypa,  Paracyclas,  Mar- 
tinia,  cf.  meristoides,  and  a  small  Schizophoria,  The  nearest  exposure  of  this 
formation  previously  observed  is  on  the  north  shore  of  Great  Slave  lake  just 
west  of  Hardisty  island,  120  miles  distant. 

On  the  east  side  of  the  Mackenzie  no  rocks  were  found  between  these  beds 
and  the  Cretaceous.  All  the  Upper  Devonian  is  covered.  The  lowest  beds  of 
the  Oretaceous  exposed  are  about  15  miles  away  and  1,200  feet  above  the  Pine 
Point  limestones. 

SIMPSON    SHALES  ^ 

These  shales  are  exx)osed  on  Mackenzie  river  5  miles  above  Rabbitskin 
river  in  the  first  rock  exposure  on  the  river  below  Great  Slave  lake.  They  are 
also  exposed  at  intervals  down  to  Simpson  and  up  Liard  river  for  20  miles. 
The  fauna  is  very  characteristic,  but  extremely  restricted.  The  characteristic 
species  are  Buchiola  retriostriata  and  Entomisi  hrooJcei,  This  formation  prob- 
ably underlies  a  part  of  the  low  land  bordering  the  Mackenzie.         ' 

HAT  RIVER  BEDS 

A  nearly  complete  section  of  limestones  and  shales  of  the  Upper  Devonian 
corresponding  to  the  Hay  River  'limestones  is  exposed  along  Trout  river  and 
to  a  lesser .  extent  along  Kakisa  river  and  to  the  south  of  lake  Kakisa.  The 
section  exposed  along  Trout  river  is  as  follows: 

(Top) 

Feet 
t.  Rubbly-weatheringr,  grrey  limestone,  fossiliferous  with  Leior- 

hynchua  sp.  common 4 

a.  Thin-bedded,  grey  to  buff  limestone,  rarely  fossiliferous,  with 

Leiorhvnchu9  SLTid  Productella 4| 

r.  Decomposed  shale  band,  unfosslUferous I 

q.  Heavy-bedded,  grey,  rubbly  limestone.     Beds   2   feet  thick, 
fossils  common  Includlnar  Leiorhynchua,  Camarotoeohia, 

Buotnphalua,  Bellerophon  cf.  maera 16 

CoTered  Interval  about 40 

p.  Pure,   flne-gralned.   grey   limestone.      Fauna   as   above,   but 
Including  also   Schizophoria.     Conspicuous  Joint  planes 
east  20  degrees  north 10 
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HAY  RIVER  BEDS — Gonttnued 

(  Top  )  — Continued 

o.  Ffne-gralned,  buff  weathering  limestones.      Cavities    filled 

with  pitch.    Characteristic  fossil  Athyria  cf.  angelica  . .  16  ' 

Norm — ^Above  beds  are  exposed  as  low  ramparts  for  a  long 
distance  alonfc  the  river. 
n,  Orey»   impure,  sandy  limestones  averaffin^  20   inches  thick, 
interbedded  with  grey    green    sandstones    and    sandy 

shales.     Characteristic  fossil  Spirifer  iohitneyi 88 

m.  Porous,  buff,  dolomitic  limestone  with  poorly  preserved  coralsi  4 

Top  of  Third  falls 

t  Heavy-bedded,  pure,  fine-grained  limestones,  very  irregular 
in  thickness,  abundant  fauna  including  Cryptonella  of. 
pinonensis,  Diaphoroatoma  and  other  gastropods,  Fene- 
atella,  Oypidula 14 

k.  Soft,  greenish,  impure  limestone  with  shaly  partings,  with  an 

abundant  coral  fauna  and  crinoids 6 

/.   Iiimestone  coral  reef 1 J 

L   Thin-bedded,  grey  limestone  with  poorly  preserved  corals..  211 

Top  of  Second  faUa 

h.  Irregularly-bedded  coral  reef  with  some  large  corals  4  feet 

in  diameter f 

g.  Grey,  sandy  limestone  with  poorly  preserved  corals 8 

/.  Heavy-bedded  coral  reef.    Conspicuous  horison,  full  of  nodules 

of  marcasite  which  weather  rusty 8 

e.  Grey,  thin-bedded,  shaly  limestone  with  shale  partings  ....  80 

Bottom  of  Second  falls 
e.  Same  as  above 17 

Top  of  First  cascade 

d.  Thin-bedded  limestone  with  abundant  fauna  including  Bpir^ 

l/er  dte/uHctua  and  pnany  corals 86 

Covered  interval  measured  by  aneroid 45 

o.  Soft,  blue-grey  shales  with  thin  bands  of  sandy  limestone. 

Fossils  include  Atrypa  spinosa  and  a  large  Chonetes,,  801 

b.  Compact,  pure,  grey,  limestone  weathering  buff,  with  an 
abundant  molluscan  fauna,  Hypothyris  cul)oides  and  a 
form  resembling  Spirifer  disfv,nctus  var.  ocoidentalis . ,  8 

a.  Liimestone  as  above,  but  with  a  large  coral  fauna  including 
Acervukuria  and  PhUUpsastraa;  Spirifer  dis functus  and 
Schigophoria  striatula 86 


Total  thickness  of  section 464 


Norm  The  base  of  Zone  a,  the  lowest  beds  seen  on  Trout  river,  is,  according  to 
aneroid,  00  feet  above  the  level  of  Mackensie  river. 

The  above  section  lies  entirely  within  the  limits  of  the  formation  oalled  fay 
Cameron  the  Kay  River  limestones,  but  includes  higher  beds  than  those 
exposed  on  Hay  river.  The  most  restricted  and  conspicuous  horizon^  and  the 
one  most  useful  for  correlation,  is  Zone  I,  which  outcrops  along  the  edge  of 
the  escarpment  for  a  long  distance.  There  is  a  submarine  unconformity  at 
the  top  of  this  zone.  Zones  o  to  ^  are  characterized  by  an  abundance  of 
Leiorhynchus  and  may  be  referred  to  as  the  Leiorhynchus  zone.  Zones  m  and  n 
may  be  called  the  Spirifer  whitneyi  zone,  as  they  are  characterized  by  that 
fosslL  Zone  I  may  be  called  the  Cryptonella  zone  (Plate  11  A,  B).  Below  this 
horizon  the  section  is  characterized  by  the  widely  disseminated  form  Spirifer 
disjunclus  and  is  called  by  that  name.  Lithologioally,  however,  the  Leiorhyn- 
chu8  and  the  Cryptonella  zones  are  the  only  ones  readily  distinguished. 

The  section  on  Eakisa  river  is  similar,  but  not  so  thick.  The  Cryptonella 
zone,  which  here  forms  the  top  of  the  section,  to  the  south  of  lake  Kakisa  is 
notable  for  the  extreme  abundance  of  Hypothyris  cuhoides,  a  form  rare  else- 
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where.  It  also  contains  a  new  trilobite,  and  Oonocardvum  in  abundance.  At 
Lady  Evelyn  falls  the  river  drops  over  strata  of  the  Spirifer  diajuncitui  zone, 
but  much  lower  down  in  the  section  than  the  beds  at  the  falls  on  Trout  river. 
The  rocks  exposed  at  the  top  of  Lady  Evelyn  falls  correspond  to  the  lowest 
beds  seen  on  Trout  river,  and  60  feet  of  strata  in  the  section  at  Lady  Evelyn 
falls  are,  consequently,  not  seen  in  the  Trout  River  section.  Although  part  of 
the  section  between  the  falls  and  the  escarpment  is  covered,  the  upper  and 
lower  limits  are  well  exposed. 

The  Liard  River  section  at  the  rapids  80  miles  above  Simpson  cannot  be 
correlated  so  readily  in  detail  with  the  Trout  River  section.  About  150  feet 
of  sandstones  and  sandy  limestones  undoubtedly  belong  to  the  Spirifer  dis- 
junctiM  zone.  These  are  underlain  by  about  60  feet  of  dark  grey  shales  with 
an  occasional  bed  of  limestone  which  probably  belongs  to  the  same  zone,  but 
may  correspond  to  lower  beds  not  seen  on  Trout  or  Kakisa  rivers. 

CRETACEOUS 

The  Mountain  shales  are  exposed  near  the  top  of  Horn  mountain  along 
many  of  the  small  streams  (Plate  IB)  which  drain  the  plateau  and  slopes. 
The  very  heavy  deposit  of  drift  including  large  boulders  has  acted  as  an 
effective  check  on  the  cutting  down  of  their  valleys.  The  upper  400  feet  is 
entirely  drift-covered,  and  not  a  single  exposure  of  rock  was  found  in  any  of 
the  traverses.  From  the  topography  it  might  be  concluded  that  a  heavy  bed 
of  sandstone  capped  the  formation,  but  not  even  a  fresh  boulder  was  found  to 
substantiate  such  a  supposition.  The  shales  outcrop  at  the  top  of  the  wooded 
gentle  slope  which  rises  from  the  muskeg  plain,  80  feet  in  all  being  exposed. 
Th^  are  thin,  fissile,  and  brown-black  and  weather  yellow. 

Throughout  these  shales,  bands,  1  to  2  inches  thick,  of  a  decomposed 
hydroiis  aluminum  silicate,  occur.  The  silicate  is  white  except  where  stained 
by  iron,  and  has  the  plastic  consistency  of  brick  clay.  For  6  inches  above  and 
below  these  beds  the  shales  also  are  much  decomposed  and  jet  black.  More 
rarely  and  near  the  top  of  the  section  are  bands,  averaging  2  inches  thick,  of 
ironstone,  many  developing  incipient  concretionary  structures.  Yellow  ochre 
from  the  decomposition  of  these  ironstones  is  found  in  considerable  quantities 
along  the  upper  reaches  of  the  creeks.  Another  decomposition  product  is  sul- 
phur, of  which  small  quantities  were  observed  coating  crevices  in  the  shales. 
Combustion  of  this  sulphur  accounts  probably  for  many  small  irregular  patches 
in  the  shales  which  are  reddened  and  hard  and  seem  to  have  been  baked. 

Fossil  collecting  produced  nothing  but  some  unrecognizable  plants  and 
some  fish  remains,  no  invertebrate  remains  being  discovered.  The  collection 
has  not  yet  been  critically  studied,  but  there  appears  to  be  no  doubt  the  remains 
are  Post  Palaeozoic  and  similar  to  undoubtedly  Cretaceous  remains  discovered 
near  Norman  by  Kindle  in  1M9. 

But  little  structure  was  observed.  The  beds  are  horizontal,  though  local 
folds  are  occasionally  formed  by  great  masses  slumping  down  into  the  ravines. 

On  Trout  river,  67  miles  above  its  mouth,  for  about  100  yards  along  the 
north  bank  of  the  stream,  similar  shales  are  exposed.  They  are  more  decom- 
posed than  those  exposed  on  Horn  mountains  and  fossils  are  very  rare.  The 
shales  are  impregnated  by  minute  crystals  of  gypsum.  Beds  of  ironstone  and 
of  white,  hydrous,  decomiwsed,  clay  material  occur  as  in  the  Mountain  shales. 
Many  septarian  concretions  occur  at  the  base  of  the  section.  Twenty  feet  only 
are  exx>osed  and  its  base  is  about  150  feet  above  the  highest  Palseozoicr  beds 
observed. 

It  is  probable  that  the  high  land  observed  by  Mr.  Seibert  south  of  lake 
Tathlina  is  also  underlain  by  Cretaceous  strata. 
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PLEISTOCENE — REGENT 


A  heavy  mantle  of  boulder  clay  covers  nearly  t!he  whole  area,  and — espe- 
cially east  of  the  Mackenzie — ^has  prevented  the  streams  from  cutting  down  to 
the  underlying  rock.  It  is  well  exposed  along  the  Mackenzie  from  above  Pro- 
vidence to  Little  lake  and  from  the  Head-of-the-Line  to  Simpson,  as  well  as 
along  the  subsidiary  streams.  The  irregularities  in  its  surface  are  occupied 
by  shallow  lakes  and  ponds.  From  one  point  in  Horn  mountains  over  sixty 
of  these  were  observed,  of  which  those  on  Horn  river  were  among  the  largest. 
Glacial  striae  were  observed  at  one  point  only — on  Trout  river  18  miles  above 
the  Third  falls.  Two  sets  were  observed  running  south  67  degrees  west  and 
south  50  degrees  east.  It  was  impossible  to  determine  definitely  their  relative 
ages,  but  those  running  south  50  degrees  east  appeared  to  be  the  older.  Lacus- 
trine deposits  of  clay,  and  more  rarely  sand  and  alluvial  sediments  of  clay, 
sand,  and  gravel,  complete  the  recent  deposits.  A  considerable  deltal  island 
has  formed  at  the  mouth  of  Horn  river  where  it  enters  Fawn  and  Mink  lakes. 
In  passing  through  the  very  short  distance  between  Fawn  and  Birch  lakes, 
the  river,  not  having  much  opportunity  to  erode  its  banks,  does  not  carry  any 
such  burden  of  sediment,  and  hence  no  delta  is  formed. 

OIL  POSSIBILITIES 

As  noted,  above,  very  little  structure  is  to  be  observed.  The  formations 
exposed  along  Horn  river,  even  if  the  structure  were  suitable,  are  too  low  down 
in  the  section  for  any  large  oil  accumulations  to  occur.  Twelve  hundred  feet 
of  strata  lie  between  the  highest  Pine  Point  limestone  and  the  lowest  Cre- 
taceous, but  the  bottom  of  the  Cretaceous  was  not  observed  and  it  is  impos- 
sible to  calculate  the  thickness  of  Devonian  sediments,  though  th^  probably 
thin  out  considerably  to  the  east.  With  l^e  known  sediments  above  and  below 
lying  horizontal,  it  is  improbable  that  there  is  any  anticlinal  structure  in  the 
potential  oil-bearing  formations. 

Above  the  falls  on  Trout  river,  there  is  a  low  dome  in  the  limestone,  which, 
however,  soon  becomes  horizontal  again.  This  is  the  most  prominent  of  several 
very  gentle  folds,  whose  dips  are  not  over  2  or  3  degrees.  G^logical  conditions 
are  more  favourable  here  for  oil  accumulation  than  elsewhere,  though  there  is 
no  evidence  that  the  structure  extends  to  the  oil-bearing  strata.  As  in  the 
above  case,  however,  the  locality  is  not  yet  commercially  acoeasible. 

MINERAL   SPRINGS 

On  Sulphur  creek,  a  small  tributary  of  Horn  river,  are  several  small 
sulphur  springs,  one  of  which  is  accompanied  by  a  considerable  flow  of  hydro- 
gen sulphide.    These  springs  apparently  originate  in  the  Horn  Biver  shales. 

The  waters  of  all  the  streams  heading  in  the  Cretaceous  shales  in  Horn 
mountains  are  heavily  impr^nated  with  iron,  which,  however,  is  deposited 
before  the  plain  is  reached. 
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EXPLORATION  EAST  OF  MACKENZIE  RIVER 
BETWEEN  SIMPSON  AND  WRIGLEY 

By  M.  Y.  WiUiama 

CONTENTS 

Paqb 

Introduction 56 

General  character  of  the  region 67 

General  geology 59 

ESoonomlc  mineral  resourcea 65 

Illustrations 

Map  1585.    Mackensie  River  baain,  northwestern  Canada 2 

1957.    Mackensie  river  between  Simpson  and  Wrigley,  district  of  Mackenzie.       59 

INTRODUOTION 

The  work  undertaken  by  the  writer  during  the  field  season  of  1921  was  an 
exploration  of  the  country  bordering  Mackensie  river  on  the  east,  between 
Simpson,  at  the  mouth  of  Liard  river,  and  Wrigley.  Towards  the  dose  of  the 
season,  a  trip  was  made  with  O.  S.  Hume  to  the  discovery  well  of  the  Imperial 
Oil  Company,  Ltd.,  56  miles  below  Norman. 

The  writer  was  ably  assisted  by  A.  H.  BcflL  Valuable  aid  was  rendered 
by  officers  of  the  Hudson's  Bay,  Northern  Trading,  and  Alberta  and  Arctic 
Transportation  Companies.  The  local  information  obtained  from  Mr.  Fred 
Camsell,  factor  at  Simpson,  was  especially  useful  and  made  it  possible  to  carry 
on  explorations  back  from  the  river  with  expedition  and  success.  Hearty 
co-operation  existed  with  the  government  officials,  yiz.,  the  offiicers  of  the 
administrative  parties,  of  the  topographical  and  hydrographical  surveys,  and 
of  the  astronomic  party.  Officials  of  the  Imperial  Oil  Companies  were  most 
kind  and  assisted  the  work  in  every  way  possible. 

WORK   ACCOMPLISHED 

Work  was  started  at  Simpson  on  June  16.  The  shale  outcrops  opposite 
the  Post  were  examined  and  from  there  downstream  the  right  bank  was  fol- 
lowed, and  it  is  believed  no  outcrops  were  overlooked.  From  Two-island  Indian 
village,  31  miles  below  Simpson,  an  inland  traverse  was  made  over  an  Indian 
winter  trail.  This  survey  was  run  by  pace  and  compass,  the  only  feasible 
method  where  timber  is  prevalent  It  was  accomplished  in  ten  days,  a  rotum 
being  made  to  the  tcow  or  base  of  supplies  by  June  27.  On  June  30  the 
exploration  of  Willow  Lake  river  was  begun.  The  survey  of  this  river  with 
compass  and  Rochon  micrometer  for  nearly  70  miles  occupied  about  two  wedcs, 
after  which  a  study  was  made  of  the  south  end  of  Franklin  mountains.  This 
was  followed  by  another  overland  trip  through  the  bush  to  the  mountains, 
starting  from  just  south  of  the  point  known  on  Ogi'lvie's  map  ae  the  River- 
between-two-Mountains,  where  the  mountains  are  about  6  miles  distant  from 
the  Mackenzie. 

After  carefully  examining  the  rocky  island  at  the  site  of  old  Fort  Wiig- 
ley,  two  traverses  were  made  from  near  Smith  creek,*  on  one  of  which  a  point 
X  Eleven  miles  above  Wrigley. 
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in  the  Franklin  range  8  miles  distant  from  the  Mackenzie  was  reached.  On 
July  29  camp  was  nK)ved  to  the  east  bank  of  the  Mackenzie  about  1  mile  above 
Wrigley  and  the  rocky  island  just  above  the  Post  and  Roche-qui-trempe-i- 
I'Eau  were  studied.  Eight  days  were  occupied  by  a  trip  over  an  Indian  winter 
trail  to  Gap  mountain  which  lies  about  14  miles  east  of  Wrigley. 

The  remainder  of  the  season's  work  was  done  in  conjunction  with  G.  S. 
Hume  in  an  examination  of  the  outcrops  along  the  Mackenzie  as  far  north  as 
Norman;  and  on  a  visit  to  the  Imperial  Oil  Gompany's  well.  While  waiting 
for  the  steamer  Mackenzie  Biver  at  Norman,  a  study  of  Bear  mountain  was 
undertaken  and  the  Tertiary  in  the  vicinity  was  also  examined. 


GENERAL  GHARAGTER  OF  THE  REGION 

PHYSIOGRAPHY 

The  region  between  Simpson  and  Wrigley  consists  of  the  following  physio- 
graphic subdivisions: 

The  Mackenzie  River  lowland  which  is  adjacent  to  the  river;  the  Mac- 
kenzie and  Franklin  mountains  farther  back  from  the  river;  and  groups  of 
hrlls — remnants  of  an  older  plateau — south  of  these  mountains. 

The  present  topography  is  a  modification  of  a  land  surface  that  dates 
back  to  pre-Tertiary  time,  for  undisturbed  Eocene  beds  occupy  a  considerable 
part  of  the  valley  above  Norman.  In  fact  the  highlands  suffered  erosion  in 
Oretaceous  time,  the  Cretaceous  sediments  being  mainly  elastics  derived  from 
the  Devonian  rocks.^  That  little  earth  movement  has  taken  place  since  Ore- 
taceous time  ie  indicated  by  the  gentle  folding  of  the  Oretaceous  sediments, 
which  contrasts  strongly  with  more  intense  folding  of  the  underlying  Devonian 
strata. 

ifdckenzie  Lowland 

The  Mackenzie  lowland  is  mainly  excavated  in  soft  shales  and  sandstones 
of  Upper  Devonian  age,  but  here  and  there  a  mountain  spur  or  anticline  of 
Middle  Devonian  limestone  has  been  cut  through.  Side  streams  draining 
lakes  to  the  eastward  flow  through  Franklin  mountains  in  narrow  gorges  sug- 
gestive of  ancestral  streams  of  greater  importance.  The  extent  of  the  low- 
lands is  in  fact  su^^restive  |of  the  valley  of  an  ancestral  river,  which  had 
reached  a  stage  of  advanced  maturity.  The  lowland  is  now  occupied  by  strata 
of  Cretaceous,  Eocene,  and  Pleistocene  age,  Mackenzie  river  flowing  for  the 
most  part  through  the  younger  unconsolidated  silts,  sands,  and  gravels. 
Many  lakes  and  ponds  scattered  over  the  floor  of  the  lowland  in  the  vicinity 
of  the  river,  and  terraces  occurring  commonly  at  different  heights  above  the 
present  river  level,  indicate  that  the  river  has  meandered  to  a  considerable 
extent  since  glacial  time.  The  present  incised  channel  has  resulted  probably 
from  down-cutting  at  the  ramparts,  and  consequent  increase  in  grade. 

Between  Simpson  and  the  mouth  of  North  Nahanni  river,  the  lowland  is 
bordered  by  hills  which  are  remnants  of  an  older  land  surface.  Ebbutt  hills^ 
are  situated  about  10  miles  from  the  riv^  at  Two-island  village,  and  rise  about 
1,600  feet  above  the  river  level.  The  underlying  rock  is  soft  Upper  Devonian 
shale.  The  hilltops  are  plateau-like,  and  are  covered  with  muskeg,  black 
spruce,  etc.,  as  on  the  lowland.  The  side  facing  the  river  is  steep,  with  escarp- 
ments at  some  places,  and  is  being  rapidly  eroded  by  brooks  that  descend  by 
steep  and  narrow  channels.    From  the  hills  the  land  surface  slopes  more  and 

1  Kindle,  B.  M.,  and  Bosworth,  T.  O.,  QeoL  Surv.,  Can.,  Sum.  Rept,  1920,  pt.  B,  p.  53. 
'Named  after  E.  Ebbutt  of  the  writer's  party. 
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more  gently  toward  the  river.  It  is  covered  by  musk^,  and  tundra,  with  here 
and  there  a  meandering  stream  or  small  river  finding  its  way  across  the  glacial 
deposits,  and  around  local  sandhills. 

At  the  mouth  of  North  Nahanni  river,  the  Mackenzie  lowland  is  deflected 
northward  by  Mackenzie  mountains,  and  north  of  the  mouth  of  Wrllow  Lake 
river  ie  shut  in  on  the  east  by  Franklin  mountains. 

Franklin  Mountains 

The  southern  part  of  Franklin  mountains  included  in  the  area  extending 
north  of  Willow  Lake  river  to  near  Wrigley  consists  of  sharp,  but  open,  south- 
erly plunging  folds,  the  axes  of  which  control  the  trend  of  the  river.  Just 
north  of  Willow  Lake  river,  two  ranges,  about  10  miles  apart,  appear  to  repre- 
sent the  east  and  west  limbs  of  an  eroded  anticline,  although  it  has  not  been 
established  that  there  are  no  intervening  folds.  The  easterly  ranges  die  out 
4  or  5  miles  north  of  the  latitude  of  Fish  Lake  river,  the  westerly  range  where 
traversed  by  this  river  containing  an  open  anticlinal  axis,  with  its  eastern  limb 
truncated.  Farther  north,  due  to  the  rising  axis,  older  formations  are  exposed 
and  the  mountains  are  high  and  more  complex,  and  cover  a  broader  belt 

At  Smith  creek  the  western  range  has  split  into  two,  the  eastern  branch 
being  subdivided  into  several  irregular  ridgee,  extending  in  different  directions. 
Opposite  Wrigl^,  the  Boche-qui-trempe-il-l'£au  forms  the  westernmost  ridge  of 
the  Franklin  system.  Four  miles  to  the  east  the  mountains  rise  as  a  somewhat 
dissected  mass,  which  may  be  grouped  into  two  main  ranges,  witli  another 
which  there  forms  the  easternmost  part  of  the  system,  dying  out  to  the  north. 
The  folded  nature  of  the  mountains  is  quite  apparent,  and  shows  especially 
well  in  the  two  eastern  ranges,  between  which  there  is  probably  a  strike  fault. 
The  lowland  to  the  east  is  covered  by  almost  innumerable  lakes  which  drain 
westward  to  Mackenzie  river.  Farther  east,  however,  is  a  low  divide,  beyond 
which  large  lakes  of  La  Martre  system  could  be  faintly  discerned.  Cap  moun- 
tain,^ which  in  its  southern  extent  is  flanked  by  a  ridge  to  the  east,  consists 
of  a  quartzite  ridge  dipping  steeply  to  the  west  and  rising  in  elevation  at  its 
northern  end  where  it  forms  the  highest  mountain  of  the  Wrigley  region — 
its  height  being  estimated  at  more  than  6,000  feet  above  sea-level.  As  will  be 
shown  elsewhere,  the  eastern  side  of  the  mountain  is  probably  a  fault  scarp. 
The  limestone  mountain  resting  upon  its  flank  to  the  west  has  been  named 
mount  Kindle  by  the  writer,  in  honour  of  the  first  geologist  to  visit  this  local- 
ity, and  the  highest  mountain  on  the  south  side  of  Fish  Lake  river  has  been 
named  mount  Bell  after  A.  H.  Bell  of  the  writer's  party. 


I  This  mountain  was  named  by  Kindle  In  the  report  cited  above. 
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GENERAL  GEOLOGY 
TMe  of  Formations 


•ternary. 


keozoic. 


Reoent. . . 
Glacial... 

Devonian 
Silurian... 


Upper. . 
Middle. 

Upper.. 


Middle  (Mount 
Kindle  forma- 
tion) 

Lower  (Franklin 

Mountain  forma- 
.    tion) 


Ordovidan? 

Cambrian  [Upperf  (Mount  Cap 
\    formation) 


River  silts,  marls,  and  peat 

Tillites,  outwash  gravels,  sands,  and  clasrs 

Simpson  shale  and  overlying  limestone 

Grey  limestone  veined  with  calcite,  and 
some  selenite,  and  containing  numerous 
remains  of  gastropods,  bivalves,  and 
corals 

Cavernous  dolomite. 


Halysites  and  other  corals 
Red  and  green  shales,  in  part  sandy 


Soft  red  and  green  shales 

Sandy  shales  and  thin-bedded  sandstone 
above,  and  below  thick-bedded,  pink 
quartsite 


d 


•noi 


CAMBRIAN:    MOUNT    CAP   FORMATION 

The  oldest  rock  seen  in  the  area  occurs  on  Cap  mountain,  about  14  miles 

tthwest  of  Wrigley.    Here  a  westerly-dipping,  truncated  fold  of  heavy-bedded 

^  *     juartzite  forms  the  elevated  ridge  called  Cap  mountain.    At  the  top  of 

.sed  section  are  100  feet  or  more  of  gr^  and  ruAty  shales  or  phylUtes, 

Erlying  green  and    rusty,    thin-bedded    sandstones,    which    rest   upon  pink 
irtzite.    The  section  of  the  sandstone  and  quartzite  farther  north  is  described 
I  Kindle^  thus: 

Feet 
Red  quartzite  and  sandstone  (sununit  of  mountain)  dip  10  to  15 

degrees  west 500  plus 

Red  shale  and  ferruginous  sandstone 50 

Hematite 20 

t(ed  sandstone  with  high  percentage  of  iron 60 

Dnrk  shales 150 

Greyish  to  drab  shale 225 

mation  dips  southwesterly  at  10  to  15  degrees  and  passes  under  a 

vMin  which  carries    at    its    summit    Middle    Silurian  corals  (See  cross- 

etion  on  Map  1957),  as  described  below.    There  is  also  direct  evidence  of  the 

}e  of  the  Mount  Cap  formation  in  the  presence  of  free  cheeks  of  a  trilobite 

obably  of  genus  Saratogia  in  the  thin  sandstones  near  the  top  of  the  section. 

rtiis  genus  occurs  in  the  Middle,  but  more  commonly  in  the  Upper,  Cambrian. 

'•f  oU  such  generic  characters  establish  the  Cambrian  age  of  the  beds  and  point 

rongly  to  late  Cambrian  time.    As    will    be   seen,    this    conclusion  does  not 

pree  with  the  tentative  age  described  by  Kindle.    Dr.  C.  D.  Walcott,  to  whom 

M:ae  specimens  were  referred,  writes  concerning  them  as  follows:     "The  sur- 

Ice  of  the  piece  of  quartzitic  sandstone  might  have  come  from  most  any  of 

le  arenaceous  shales  of  the  Upper    Cambrian    formations    of  Montana  and 

daho.     There  is  very  clear  evidence  of  the  presence  of  a  Cambrian  form  of 

rilobite  closely  related  to  species  that  have  been  referred  to  Saratogia.    There 

I  also  one  impression  that  strongly  suggests  Agnostus,  but  it  is  too  doubtful 

o  mention  it." 

1  Sum.  Rept.  1919.  pt  C,  p.  2  C. 
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The  limestone  and  underlying  shales  in  knobs  and  ridges  to  the  east,  dip 
away  from  Cap  mountain  and  are  so  dose  to  the  escarpment  as  to  preclude  the 
possibility  that  the  quartzite  may  change  its  direction  of  dip  and  pass  below 
them  as  the  east  iimb  of  an  anticline.  Evidence  points  to  the  presence  of  a 
fault  as  indicated  on  the  map  and  cross-section. 

The  base  of  Mount  Cap  formation^  was  not  seen,  nor  was  the  top  deter- 
mined; it  is  probable,  however,  from  the  observed  outcrops  and  structure  that 
the  thickness  is  between  1,000  and  1,600  feet. 

SHALES  OF  PROBABLE  ORDOVIOIAN  AGE 

A  cover  of  loose  deposits  obscures  the  bedrock  to  the  west  of  Cap  Mountain 
ridge  (where  examined  by  the  writer)  as  far  as  the  base  of  mount  Kindla  The 
under  phyllites  of  Mount  Cap  formation  probably  underlie  a  part  of  the  inter- 
vening 4,000  feet,  but  soft  red  clay  shale  outcrops  at  the  base  of  mount  Kindle 
as  though  squeezed  out  by  the  overlying  mass  of  rock.  Although  little  is 
known  of  this  formation,  it  lies  between  the  Cambrian  and  Silurian  formation^ 
and  is  thought  to  be  of  Ordovician  age. 

SILURUN  FORMATIONS 

On  the  eastern  declivity  of  mount  Kindle,  i)ea-green  shales  and  red,  sandy 
shales  litter  the  talus  for  hundreds  of  feet,  and  rocks  are  found  in  place 
between  420  and  480  feet  below  the  outcrop  of  the  Middle  Srlurian  coral  hori- 
zon. No  fossils  were  found  in  these  shales  nor  were  the  limits  of  the  forma- 
tion seen,  but  from  stratigraphical  position,  and  because  of  the  general  simi- 
larity to  lower  clastic  Silurian  sediments  known  elsewhere,  this  formation  is 
provisionally  classed  ae  Lower  Silurian,  the  name  Franklin  Mountain  forma- 
tion  being  applied  to  it  from  its  occurrence  in  Franklin  mountains.  It  is 
thought  to  be  not  less  than  600  feet  thick.  Sections  of  the  formation  outcrop 
in  the  face  of  the  mountain  to  the  south  of  mount  Kindle  and  also  in  the 
mountain  to  the  east  of  the  southern  end  of  Cap  Mountain  ridge. 

The  upper  80  feet  of  mount  Kindle  and  its  western  slope  for  a  mile  or 
more  ccmsist  of  grey  magnesian  limestone,  composed  in  large  measure  of  the 
fossilized  remains  of  Silurian  coral  reefs.  As  will  be  seen  from  the  following 
determinations,  these  corals  are  characteristic  of  Middle  Silurian  time,  espe- 
cially as  represented  by  the  life  of  Niagaran  seas  of  eastern  and  central  North 
America.  The  writer  proposes  to  name  this  the  Mount  Kindle  formation 
because  of  its  splendid  development  on  this  mountain,  near  which  Kindle  first 
obtained  specimens  of  the  contained  fauna.  Judging  from  outcrops  and  struc- 
ture the  Mount  Swindle  formation  may  be  600  feet  thick. 

The  following  fossils  have  been  recognized.  In  the  creek  to  the  south  of 
mount  Kindle:  Cyathophylloid  coral,  probably  new  genus  and  new  species, 
Columnaria  alveolaia  Gk>ldfussf,  Diphyphyllum  muUicaule  (Hall),  HalysUes 
catenularia  microporus  (Whitfield),  Bumastis  ioxus  (Hall)  ?. 

At  the  top  of  moimt  Kindle:  Stroma toporoids,  Zaphrentis  siokesi  Edwards 
and  Haime,  Diphyphyllum  muUicaule  (Hall),  Cladopora  multipora  Hall, 
Holy  sites  catenularia  microporus  (Whitfield). 

About  100  feet  higher  in  the  section,  but  down  the  west  slope  of  the  moun- 
tain :  Zaphrentis  stohesti  Edwards  and  Haime,  and  Conchidium  sp.  in  a  boulder 
probably  not  far  out  of  place. 

1  The  name  "Cap  mountain**  is  preferable,  but  la  pre-empted,  belnir  used  for  a  Cam- 
brian formation  In  Texas. 


Digitized  by 


Google 


61  B 

The  Mbunt  Kindle  formation  appears  to  grade  upward  into  rough  caTern« 
0U8  dolomite  which  is  much  cut  by  caksite  veins.  Somewhat  similar  rock  was 
seen  on  the  crest  of  the  anticline  at  the  top  of  Roche-qui-trempe-H-rEau,  and 
elsewhere  at  crests  of  anticlines  in  the  Franklin  range.  The  upper  "brecci- 
ated"  dolomite  of  Kindle's  Bear  Mountain  formation  is  similar  in  many  ways 
to  this  cayemous  formation,  but  as  metamorphism  has  had  a  marked  effect  on 
the  limestones  and  dolomites  of  the  Franklin  mountains,  it  seems  unwise  to 
attempt  to  correlate  formations  of  widely  separated  areas  except  on  the  basis 
of  fossils,  or  impressive  etratigraphic  evidence.  The  cavernous  dolomite  is, 
probably,  500  feet  thick.  The  exposures  in  the  mountains  in  the  vicinity  of 
mount  Kindle  will  probably  make  it  possible,  however,  to  work  out  a  complete 
Silurian  section.  Until  this  be  done,  it  will  be  uncertain  whether  the  red  clay 
shales  and  gypsum  of  the  Bear  Mountain  formation  are  represented  in  the 
Mount  Kindle  region. 

MmDLE  DEVONIAN  LIMESTONES 

The  common  limestones  of  the  Franklin  Mountain  region  are  Middle 
Devonian  in  age  according  to  their  fossil  content.  From  the  aouthem  tip  of 
the  range,  near  Willow  Lake  river,  northward  to  Roche-qui-trempe-4-rEau, 
these  limestones  form  the  mountain  exposures,  excepting  where  axes  of  folds 
bring  up  older  rocks,  as  described  above.  These  limestones  also  outcrop  near 
Wrigley  on  the  east  shore  and  in  the  small  islands,  and  in  the  islands  above 
old  Fort  Wrigley  and  along  the  east  shore  opposite  them.  Similar  limestones 
form  the  western  slopes  of  Bear  mountain  as  already  described  by  Kindla 

The  limestones  are  generally  dark  grey,  and  at  most  localities  are  semi- 
cryetalline  and  are  cut  by  stringers  and  veins  of  calcite,  and,  less  commonly, 
of  selenite.  Fossils  are  widely  distributed,  but  are  rarely  abundant,  and  are 
generally  poorly  preserved  and  difficult  to  collect.  Consequently,  many  identi- 
fications are  uncertain.  The  formations  intervening  between  the  Middle 
Silurian  and  the  Middle  Devonian  strata  have  not  yet  been  studied,  and  the 
inter-relationships  are  not  known.  The  Mount  Kindle  region  will  probably 
yield  this  much-needed  information  to  future  investigators.  The  Middle 
Devonian  limestones  are  overlain  by  the  soft,  clay  shales  of  Upper  Devonian 
age  described  below.  The  contact  was  nowhere  seen,  but  the  general  relation- 
ships are  well  shown  in  the  vicinity  of  Willow  Lake  river  where  the  anticline 
of  limestone  to  the  north  plunges  beneath  the  shales  which  are  well  exposed 
along  the  river  banks.  The  thickness  of  the  Middle  Devonian  limestones  is 
probably  between  1,000  and  2,000  feet. 

It  is  not  easy  to  correlate  the  Middle  Devonian  limestones  of  the  southern 
Franklin  Mountain  region  wil^  subdivisions  made  elsewhere,  except  that  they 
apparently  include  Kindle's  Beavertail  limestone  of  Bear  rock.  Stringocepha- 
lu8  huriini  has  not  been  found  by  the  writer,  so  that  correlatives  of  the  Ram- 
part limestones  are  not  recognized.  In  a  broad  way,  the  faunas  closely  resemble 
those  of  the  Onondaga  (Comiferous)  seas  of  Ontario,  Manitoba,  New  York 
state,  and  Kentucky. 

The  following  identifications  have  been  made  from  the  fossils  collected: 

From  southern  end  of  Franklin  mountain  near  mouth  of  Willow  Lake 
river:  PhiUipsastriBa  vemeuili  Edwards  and  Haime,  a  few  feet  higher  in  the 
same  section  Favosites  niteUa  Winchell,  Cladopora  sp.,  Amhocoelta  cf.  nana 
Orabau. 

From  a  few  hundred  yards  to  the  north  on  the  mountain  top,  but  probably 
200  feet  lower  in  the  section,  Cyaikophyllum  sp.,  Syringopora  nohUiB  Billings, 
8,  perelegans  Billings,  Favosites  emmonsi  Romingert.  The  species  here  identi- 
fied has  corallites  rather  smaller  and  more  regular  than  the  descriptions  of 
F.  emmonsi  indicate. 
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From  the  west  side  of  Bell  mountain  (6  miles  east  of  the  river  at  the 
mouth  of  the  Eiver-hetween-Two-Mountains) :  Productella  itpinuUcoaia  Hall, 
Amhocoelia  sp.,  Callonema  sp.  From  90  feet  higher  in  the  same  section: 
Cladopora  sp.,  ProducfeUa  spinulicoata  Hall,  GratUBna  suggesting  romingen 
Hall  and  Loxonema  sp. 

Hock  outcrops  on  the  islands  and  on  the  ahore  of  the  river  near  the  site 
of  old  Fort  Wrigley  represent  a  section  of  about  120  feet  of  limestone.  The 
lower  50  feet  are  thick-bedded  and  from  the  upper  10  feet  of  these  beds  the  fol- 
lowing fossils  were  obtained:  Streptelasma  ^prolificum  Billings,  FavosUes 
emmonsi  Eominger?,  Leptaena  rhomhoidalis  (Wilckens),  Productella  apinuli- 
costa  Hall,  Cyrtina  sp.,  Spirifer  sp.  In  thin-bedded  limestone  from  50  to  60 
feet  up  in  the  section  the  following  fossils  were  found:  Cyaihophylloid  com- 
pound corals,  Syringopora  sp.,  Favosites  niiella  Winchell?,  Productella  spinu- 
licosta  Hall,  Spirifer  davisi  Nettleroth,  Paracydae  eUiptica  Hall,  Euomphalue 
decewi  Billings,  CaUonema  hellatula  Hall,  Proetus  sp.  From  the  top  of  the 
secti(Hi,  the  following  were  obtained:  Streptelasma  prolificum  Billings?,  Favo- 
eitee  nitella  Winchell?,  Productella  spinulicoeta  Hall,  Gailonema  clarlci  Nettle- 
roth,  and  an  undetermined  lamellibranch. 

The  following  fossils  were  collected  from  a  90-foot  westerly  facing  escarp- 
ment of  a  low  mountain  8  miles  east  of  Mackenzie  river  at  Smith  creek :  Favo- 
sites  nitella  Winchell,  Cladopora  francieci  Davis?,  Productella  epinulicoata 
Hall,  Amhocoelia  cf.  nana  Orabau,  Paracyclas  eUiptica  HaH. 

The  rock  exposed  along  the  east  shore  of  Mackenzie  river  opposite  the 
lower  end  of  the  small  island  above  Wrigley  represents  90  feet  or  more  of  a 
section,  and  from  it  zonal  collections  of  fossils  were  made.  So  little  change 
is  evident,  however,  in  the  faunal  assemblages,  that  the  list  is  given  as  one: 
Favosites  emmonsi  Eominger?,  Productella  spintdicosta  Hall,  Paracyclas  eUip- 
tica Hall  (the  last  two  common  throughout  the  section). 

The  small  rocky  islet  about  one  mile  above  Wrigley  contains  a  section  of 
about  250  feet  of  blue-grey  limestone  in  a  low  anticline  pitching  rather  steeply 
to  the  eouth.    Zonal  collections  have  furnished  the  following  lists: 

Lowest  15  feet  of  the  section:  Favosites  alpenensis  Winchell?,  Cladopora 
dispansa  Davis.  From  5-foot  coral  zone,  65  to  70  feet  up  in  the  section  FavosUes 
emmonsi  Winchell?,  Cladopora  lahiosa  Billings.  From  130  feet  up  in  the 
section:  Favosites  alpenensis,  Winchell?,  Atrypa  cf.  reticularis  Linnaeus,  Spiri- 
fer tullia  Hall  ?,  Clinopsitha  suhnasuta  Hall  and  Whitfield,  cf .  Naticopsis  mani- 
tohensis  Whiteaves,  Loxonema  altivolvis  Whiteaves? 

One  hundred  and  sixty  feet  up  and  also  at  80  feet  Productella  spinulicosia 
occurs  along  with  Atrypa  aspera  Schlotheim.  Favosites  emmonsit  occurs  206 
feet  up  and  Oypidula  galeata  Dalman?,  RhynchoneUa  tethys  Billings?,  and 
Proetus  sp.  occur  in  the  upper  15  feet  of  the  section. 

Koche-qui-trempe-i-rEau  along  the  east  side  of  Mackenzie  river  about 
IJ  miles  below  Wrigley  is  a  crushed  anticline  of  grey  limestone  with  axis 
extending  about  10  degrees  east  of  north.  The  westerly  dips  average  about  42 
degrees  and  the  easterly  dips  22  degrees.  Faults  and  fractures  have  relieved 
the  crushing  stresses,  and  sheeted  jointing  in  places  obscures  the  bedding. 
The  rock  rises  about  1,140  feet  above  the  river  and  continues  northward  for 
about  2  miles  as  a  low  ridge,  comprising  the  western  limb  of  the  anticline  and 
ending  in  a  knob  which  includes  the  east  limb  of  the  fold.  The  stratigraphy 
was  studied  along  the  river,  where  two  sections  start  at  a  fault  and  extend, 
one  upstream  with  a  thickness  of  300  feet,  and  the  other  downstream  with  a 
thickness  of  between  400  and  500  feet  At  the  fault,  which  is  nearly  vertical 
and  strikes  about  7  degrees  east  of  north,  secondary  selenite  occurs  in  frac- 
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turea  and  between  beds  of  limestone,  cutting  secondary  vein  calcite.  Some  of 
the  selenite  veins  are  6  inches  thick. 

The  core  of  Koche-qui-trempe-WEau  consists  of  crystalline  limestone 
(probably  dalomitic)  cut  by  calcite  stringers  and  chert  No  determinable  fos- 
sils were  found  in  it,  and  the  lowest  beds  exposed  are  probably  not  more  than 
150  feet  below  the  base  of  the  section  seen  along  the  river.  Still  lower  beds 
are  probably  exposed  in  the  northern  end  of  the  range  2  or  3  miles  away. 

The  main  ranges  of  Franklin  mountains  rise  about  8  miles  east  of  Hoche- 
qui-trempe-i-FEau,  the  following  fossils  being  found  in  the  western  extension 
of  their  foothills:  Springopora  perelegana  Billings,  Cladopora  sp.,  Schucher- 
tella  sp.,  ProducteUa  spinulicosta  Hall,  Bucania  sp. 

The  above  fossil  lists  indicate  a  Middle  Devonian  age  for  the  limestones. 
Many  of  the  species  are  common  in  the  Onondaga  limestone  and  its  correlatives 
of  eastern  and  central  North  America,  and  some  are  common  in  the  Manitoba 
Middle  Devonian. 

UPPER  DEVONUN  SHALES  AND  LIMESTONES 

The  Simpson  shales,  named  from  the  occurrences  near  Simpson,  form  the 
lowest  of  the  Upper  Devonian  formations  of  this  region.  They  consist  of  soft 
clay-shale  of  greenidi  grey  or  bluish  grey  colour,  containing  ironstone  con- 
cretions. Buchiola  retriostriata  has  been  found  by  Kindle  and  Whittaker  in 
calcareous  beds  in  these  shales. 

The  writer  found  these  shales  at  a  number  of  localities,  viz.,  in  the  east 
bank  of  the  river  about  5  miles  below  Simpson;  in  Ebbutt  hills  about  10  miles 
north  of  Two-island  village;  at  many  localities  along  the  70  miles  of  Willow 
Lake  river  surveyed;  in  the  east  bank  of  Mackenzie  river  2  miles  below  the 
site  of  old  Fort  Wrigley,  and  also  in  the  east  bank  9  miles  below  the  old  fort 
and  opposite  the  lowest  of  four  islands.^ 

The  shale  exposures  of  Ebbutt  hills,  as  measured  in  a  stream  bed,  repre- 
sent strata  about  650  feet  thick,  neither  the  top  nor  base  being  seen.  No  fossils 
were  found  at  this  locality,  but  ironstone  concretions  up  to  3  feet  in  diameter 
are  common.  These  are  generally  of  the  turtle-back  type,  due  to  shrinkage 
cracks  which  are  filled  with  shaly  material.  The  shales  here  are  soft,  and 
appear  to  lie  nearly  horizontal. 

A  number  of  exposures  of  soft  blue  or  gpreen  shale  were  seen  along  Willow 
Lake  river.  These  are  generally  much  folded  and  contorted,  the  shale  having 
been  metamorphosd  to  a  phyllite.  Two  sets  of  fissility  are  commonly  developed, 
cutting  the  shale  into  small  rhombs.  At  some  localities,  thin  calcareous  beds 
occur  in  the  shales.  A  few  fossils,  mostly  lamellibranchs,  were  found  in  the 
shales  themselves,  but  they  generally  disintegrated  on  drying.  Some  fossil 
plants  and  other  remains  were  found  in  calcareous  beds  and  are  described 
below.  The  other  outcrops  in  the  river  banks  gave  no  further  information  than 
that  already  described  by  previous  writers. 

An  ironstone  concretion  found  loose  on  the  shore  about  40  miles  up  the 
river,  and  evidently  from  the  shales,  contains  the  remains  of  two  Schizopod 
crustaceans  to  be  described  elsewhere. 

Two  exposures  of  soft  grey  limestone  occur  near  water-level  in  the  east 
bank  of  Mackenzie  river,  one  about  1  mile  above,  and  one  2}  miles  below,  the 
mouth  of  Root  river.  From  fossil  content,  this  limestone  is  determined  as  of 
Upper  Devonian  age,  and  appears  to  belong  just  above  the  Simpson  shale  for- 
mation.   The  fossils  found  in  these  beds  are  as  follows: 

1  Most  of  the  riyer  exposures  have  already  been  described  by  CamseU  and  Bfalcolm, 
QeoL  Surv.,  Can.,  Mem.  108  and  revised  edition,  1921,  p.  66. 
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From  locality  above  Root  river:  ProdticteUa  hirsuta,  Hallf,  Leiorhynchua 
cf.  clarhei  Prosser,  Spvrifer  disjuncttts  Sowerby,  Paracydaa  eliiptica  Hallf 
At  the  outcrop  below,  Leiorhynchua  cf.  clarhei  is,  as  at  the  former  locality,  the 
most  abundant  fossil. 

GLACIAL  DEPOSITS 

Unconsolidated  tillite,  gpravel,  sand,  and  clay  occur  everywhere  over  the 
area.  The  tillite  occurs  most  commonly  at  the  base  of  the  sections  and  con- 
tains a  variety  of  rock  fragments,  including  granite  and  other  igneous  lock, 
along  with  limestone  of  local  origin,  and  pink  Cambrian  quartzite.  The  gravel, 
sand,  and  clays  are  evidently  glacio-fluviatile,  or  outwash  deposits,  frequently 
showing  bedding  or  crossbedding.  At  some  localities  sand  lies  in  channels 
cut  into  bedded  clay  deposits. 

Back  from  the  river,  glacial  ridges  of  gravel  and  till  rise  100  to  800  feet 
above  the  river,  and  near  Two-island  village  sand  dunes  covered  with  jackpine 
are  evidently  outwash  sand  modified  by  wind  action.  The  sorting  is  usually 
poor,  however,  the  frozen  condition 'of  the  soil  in  this  latitude  probably  pre- 
venting typical  wind  sorting.  The  direction  of  the  axes  of  parallel  ridges  of 
till  near  Smith  creek  is  10  degrees  west  of  north  (astronomic)  the  direction  of 
glacial  action  being,  probably,  at  right  angles  to  this  direction  or  from  nortSi 
80  degrees  east. 

Glacial  erratics,  mostly  of  gpranite  or  quartzite,  are  common  on  the  tops 
of  all  the  highest  mountains  visited,  showing  that  the  ice^heet  covered  the 
highest  peaks,  leaving  on  them  its  Precambrian  debris  derived  from  the  old 
land  to  the  east. 

BEOENT   DEPOSITS 

Silt,  marl,  and  moss-peat  occur  at  various  places  on  islands  in  the  river 
or  near  the  top  of  the  river  banks.  In  islands  above  the  mouth  of  North 
Nahanni  river,  15  feet  of  siit  contains  marl  lenses  with  freshwater  gastropods, 
and  thin  seams  of  peat  composed  of  compressed  moss  and  roots.  A  bed  of  marl 
about  1  foot  thick  extends  along  the  river  opposite  Wrigley,  about  60  feet  up 
in  the  bank.  Such  deposits  were  formed  probably  in  lakes  and  shallow  river 
expansions  before  the  Mackenzie  entrenched  its  present  channel.  Small  shallow 
lakes  are  exceedingly  numerous  at  the  present  time  on  the  flat  land  bordering 
the  river. 

MINERAL  SPRmaS  AND  TUPA  DEPOSITS 

Near  the  fault  in  the  Roche-qui-trempeHli-rEau,  and  at  the  probable  fault 
location  in  the  island  above  the  site  of  old  Fort  Wrigley,  mineral  springs 
occur.  At  the  old  fort  springs  issue  from  the  surface  of  the  smaller  island 
about  16  feet  above  river  level,  depositing  lime  over  a  considerable  area.  This 
commonly  forms  local  pools  by  damming  up  the  water.  On  the  mainland  oppo- 
site, just  above  the  mouth  of  a  small  creek,  and  about  60  yards  away  from  the 
shore,  lime  deposits  cover  about  one-half  acre  of  land,  where  no  trees  grow. 
Small  ponds,  dams,  waterfalls,  and  brooks  result  from  these  tufaceous  deposits 
which  encrust  moss  that  thrives  in  the  lijny  water.  The  deposits  are  usually 
firm  enough  to  walk  upon. 

At  Roche-qui-trempe-i-rEau,  warm  mineral  springs  deposit  considerable 
calcareous  material  in  the  fault  zone  where  it  is  exposed  along  the  river.  One 
spring  issues  from  a  travertine  cone  about  50  feet  above  the  river.  The  cone 
has  been  formed  by  the  calcareous  deposits,  and  by  the  talus  cemented  together 
by  them.  The  rock  on  both  sides  crumbles  and  falls  away,  leaving  the  deposits 
standing  by  themselves.  The  mineral  contents  of  the  springs  have  not  been 
investigated. 
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SOILS 


Vegetable  gardens  are  cultivated  at  all  the  posts  and  soils  varying  from 
clay  to  sand  are  found.  It  is,  however,  only  on  the  river  terraces  and  on  the 
islands  that  drainage  is  sufficiently  well  developed  to  yield  arable  soiL 

STBUCTURE 

The  nearly  flat-lying  Pals&ozoic  sediments  of  the  Simpson  region  abut 
against  the  foothills  structure  of  Franklin  mountains  in  the  vicinity  of  Willow 
Lake  river.    Here  the  soft  Simi>son  shales  have  been  folded  and  compressed. 

Franklin  mountains  consist  of  open-folded  limestone  and  underlying  shale, 
sandstone,  and  quartnte,  with  here  and  there  closely  folded  blocks,  relieved 
in  part  by  strike  and  cross  faulting.  On  the  south,  a  wide  antidine  with 
broken  arch  appears  to  have  formed  the  two  ridges  of  the  Franklins.  Farther 
north,  the  deeper,  somewhat  more  complicated  structures  are  laid  bare,  but 
even  here,  simple  though  rather  closely  compressed  folds  are  the  rule. 

METAMORPHISM 

As  already  described,  the  Simpson  shales  of  the  Willow  Lake  region  have 
been  crushed  and  sheared  to  fissile  phyliites,  with  two  or  more  sets  of  highly 
inclined  planes  of  cleavage.  The  thin  interbeds  of  limestone  are  cut  by  veins 
and  films  of  calcite.  The  Middle  Devonian  limestones  are  in  general  semi- 
crystalline,  are  almost  everywhere  seamed  with  calcite,  and  near  fault  planes 
are  cut  by  veins  of  calcite  and  selenite,  several  inches  in  width.  At  the  tops 
of  anticlines,  as  seen  at  several  localities,  the  limestone  is  so  crystallized  and 
cut  by  calcite  as  to  be  unfossiliferous. 

The  higher  beds  seen  in  the  Silurian  section  are  cavernous,  evidently  due 
to  the  solution  of  gypsum  deposits.  The  coral  horizons  are  semi-crystalline, 
and  chert  has  developed  locally,  as  a  weathering  product.  The  Cambrian 
quartzites,  as  their  name  implies,  are  sufficiently  indurated  to  be  classified  as 
quartzites  rather  than  sandstones. 


ECONOMIC  MINERAL  RESOURCES 

OLAT  FOR  BRICK  MANUFACTURE 

The  Simpson  shale,  as  well  as  the  glacial  outwash  clays,  would  probably 
be  useful  for  brick  for  local  requirements. 

LIMESTONE  FOR  LIME   MANUFACTURE 

The  limestone  of  the  Middle  and  Upper  Devonian  formations  is  suitable 
for  the  manufacture  of  quicklime,  so  much  needed  at  the  trading  posts  for 
chimneys  and  fireplaces. 

OIL 

As  the  chief  interest  in  the  area  lies  in  its  oil  possibilities,  the  various 
conditions  bearing  upon  its  occurrence  in  commercial  quantities  will  be  sum- 
marized. No  oil  seepages  were  seen  by  the  writer  in  the  Simpson- Wrigley  area, 
nor  were  the  limestones  notably  bituminous.  The  Simpson  shale  is  very 
impervious  and  would  make  an  excellent  cover  rock  for  the  retention  of  oil 
pools;  the  beds  beneath  it,  however,  are  limestone  which    is    not  particularly 
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];>oroiis  and  consequently  not  as  favourable  for  oil  accumulation  as  would  be  a 
sandstone  formation.  The  structure  of  the  Franklin  Mountain  region,  though 
in  itself  rather  too  intense  for  oil  retention,  suggests  suitable  structure  in  the 
outlying  areas.  The  degree  of  metamorphism,  which  is  largely  a  measure  of 
the  extent  of  compression,  is  generally  found  to  have  a  direct  "bearing  upon 
oil  retention  or  dissipation.  Where  extreme  metamorphism  exists,  oils  are  apt 
to  be  fractionated  and  dispersed  through  fractures,  rather  than  accumulated 
into  commercial  i>ool8.  The  metipiorphism  characteristic  of  Franklin  moun- 
tains appears,  therefore,  to  be  unfavourable  for  oil  accumulation.  However, 
from  Simpson  to  the  mouth  of  North  Nahanni  river  and  to  the  northward  in 
the  vicinity  of  Ebbutt  hills,  gentle  structure  or  almost  flat-lying  beds  and 
little  metamorphism  are  the  rule,  and  here  favourable/Conditions  may  occur 
for  oil  accumulation.  In  this  region,  however,  it  is  difficult  to  diseov^  the 
low  arches  or  anticlines  which  are  most  favourable  for  the  occurrence  of  oil 
pools,  and  a  number  of  test  wells  would  be  necessary  before  the  possibilities 
could  be  definitely  determined. 
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INTRODUCTION 

During  the  summer  of  1921,  the  writer  investigated  the  country  west  of 
Mackenzie  river  between  Simpson  and  Wrigley,  N.W.T.  Two  rivers,  the  North 
Nahanni  and  Hoot,  both  flowing  from  Mackenzie  mountains,  were  ascended  for 
about  60  miles  in  each  case  and  a  micrometer  survey  was  made.  The  strati- 
graphy was  studied  and  data  were  collected  for  the  preparation  of  a  geological 
map. 

In  this  work  the  writer  was  ably  assieted  by  J.  B.  Mawdsley  of  McOill 
University. 

GENERAL  CHARACTER  OF  COUNTRY 

MACKENZIE  RIVEB  AND  THE  IMMEDIATE  VICINITT 

From  Great  Slave  lake  for  250  miles  the  Mackenzie  valley  is  rather  poorly 
defined.  The  river  flows  slightly  north  of  west  through  a  broad,  .flat  plain 
where  low  hills  on  either  side  of  the  river,  but  at  long  distances  inland,  relieve 
an  otherwise  monotonous,  densely  wooded  landscape.  In  such  a  country  rock 
outcrops  are  few  and  on  the  Mackenzie  itself  the  banks  are  mostly  drift  material- 
material.  The  river  flows  with  a  good  current  in  a  broad  channel  broken  by 
many  islands. 

Two  hundred  and  fifty  miles  below  Great  Slave  lake  there  is  a  change  in 
the  character  of  the  country,  particularly  on  the  west  side.  The  course  of  the 
river  is  deflected  abruptly  from  northwest  to  north,  this  "Gb-eat  Bend"  being 
caused  by  the  proximity  of  Mackenzie  mountains.  The  low,  flat  plain  of  mus- 
keg, dotted  with  almost  innumerable  small  lakes,  continues  up  to  the  foot  of 
the  mountains  where  an  abrupt  escarpment  extends  for  some  miles  along  the 
river.  The  top  of  the  escarpment  is  2,000  to  3,000  feet  above  the  plain  and  the 
eaeterly  face  is  unscalable  except  at  a  number  of  gaps  where  rivers  or  streams 
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have  cut  through.  It  is  through  such  a  gap  or  break  in  the  mountains  that 
the  North  Nahanni  flows  from  the  west  and  enters  the  Mackenzie  about  10 
miles  above  the  Great  Bend. 

NORTH  NAHANKI  AND  ROOT  RIVERS 

North  Nahanni  river  (Maps  1585  and  1957),  except  for  a  short  distance 
at  its  mouth,  flows  through  a  valley  with  mountains  rising  about  2,000  feet  on 
each  side.  It  enters  the  Mackenzie  by  two  channels,  one  quite  small,  the  other 
about  half  a  mile  wide  at  its  mouth.  Its  discharge  varies  greatly  with  the 
seasons  and  when  the  mountain  snow  is  melting  even  the  daily  fluctuation  is 
considerable.  During  the  period  of  flood  there  is  much  undercutting  of  banks 
with  consequent  slumping  of  material  into  the  river.  This  furnishes  an 
abundance  of  driftwood  which  soon  becomes  stripi)ed  of  all  limbs  and  is  in 
places  piled  into  heaps  10  to  15  feet  high.  When  the  flood  period  passes  these 
great  masses  of  driftwood  are  left  stranded  on  sand  and  gravel  bars  or  at  the 
heads  of  islands.  Their  abimdance  is  striking  testimony  to  the  erosive  power 
of  a  large  river  in  flood. 

The  great  fluctuation  in  discharge  greatly  influences  its  character.  During 
the  period  of  flood  the  river  is  often  a  half  mile  to  a  mile  wide.  The  bottom 
of  the  channel  is  everywhere  sand  and  gpravel  with  no  rock  outcrops  except 
occasionally  in  the  banks,  the  whole  valley  floor  being  made  up  of  pebbles 
derived  from  the  country  rock,  and  material  from  a  thick  cover  of  glacial  drift 
in  the  valley  bottom.  No  falls  were  encoimtered  in  the  60  miles  of  river 
ascended.  The  current  except  at  the  mouth  is  everywhere  swift,  but,  owing  to 
the  almost  complete  absence  of  large  boulders  in  the  channel,  there  are  no 
dangerous  rapids.  The  fall  of  the  river  for  the  60  miles  averages  about  7  feet 
a  mile,  with  over  8  feet  for  the  upper  40  miles,  and  in  many  places  near  the 
upper  end  of  the  traverse  10  and  15  feet  a  mile  were  not  uncommon.  The 
water  is  milky-white  in  colour  and  cloudy  due  to  fine  material  in  suspension. 

In  low  water  the  river  spreads  out  in  numerous  channels  which  flow 
through  the  wide  gravel  flood-plain.  In  very  few  places  are  these  streams 
concentrated  into  one  channel.  Consequently  the  river  is  a  network  of  streams 
surrounding  sand  and  gravel  bars,  and  islands  wooded  with  spruce,  poplar, 
and  willows  are  common  in  the  flood-plain. 

The  North  Nahanni  has  remarkably  few  i>ermanent  tributary  streams. 
Its  basin  is  simply  the  narrow  valley  into  which  in  the  spring  numerous  gorges 
from  the  sides  carry  the  great  rush  of  water  from  the  melting  snow  on  the 
mountain  slopes.  Later  in  the  summer  the  gorges  are  almost  invariably  dry, 
or  contain  insignificant  streams.  About  20  miles  above  the  mouth,  the  river 
divides  into  two  nearly  equal  branches,  one  from  the  southeast,  and  the  other 
from  the  northwest.  The  east  branch  was  mapped  and  sections  along  it  were 
studied.  A  small  stream  of  clear  water  empties  into  the  Nahanni  from  the 
east  a  short  distance  below  the  forks.  This  is  the  only  tributary  of  any  import- 
ance in  the  part  of  the  NiQianni  that  was  traversed.  It  derives  its  water  in 
part  from  a  lake  10  to  15  miles  long,  situated  on  the  flat  plain  between  the 
Mackenzie  and  the  mountains  to  the  west  The  Nahanni  valley  through  the 
mountains  is  scarcely  more  than  a  quarter  of  a  mile  wide  and  the  mountains 
on  either  side  rise  precipitously  to  over  2,000  feet  above  the  channel.  Through 
this  gap,  less  tlian  a  mile  in  length,  the  flow  is  very  sluggish,  but  beyond,  the 
current  is  rapid.  The  structure  of  the  mountains  is  evidently  the  controlling 
factor. 

Root  liver,  like  the  North  Nahanni,  flows  into  the  Mackenzie  from  the 
mountains  to  the  west,  but  is  somewhat  different  in  character.     It  is  smaller 
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than  the  North  Nahanni,  being  not  more  than  a  quarter  of  a  mile  wide  at  the 
mouth  and  continuing  in  one  main  channel  for  the  greater  part  of  the  60  miles 
which  were  traversed.  Evidence  of  fluctuation  of  flow  on  the  Root  were  even 
more  marked  than  on  the  Nahanni,  although  the  amount  of  stranded  driftwood 
was  much  less.  Driftwood  at  considerable  heights  above  the  stream  is  evidence 
that  this  river,  where  both  banks  had  been  cut,  is  subject  to  ice-jams,  and  that 
the  water  under  such  conditions  may  rise  20  to  30  feet  above  the  dams.  As 
on  the  Nahanni,  there  are  no  rock  falls,  but  boulder  rapids  occur  in  various 
places  between  stretches  of  swiftly  flowing  water.  The  fall  of  the  river  in  60 
miles  averaged  slightly  over  6  feet  a  mile. 

GENERAL  GEOLOGY 
Description  of  Formations 
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SILURIAN 

It  is  not  certain  that  rocks  of  Silurian  age  are  present  in  the  North 
Nahanni  and  Root  Biver  areas.  The  rocks  of  this  age  seen  elsewhere  in  the 
Mackenzie  district  and  on  Great  Slave  lake  do  not  appear  in  these  sections. 
However,  Kindle^  has  reported  fossils  of  possible  Silurian  age  from  the  base  of 
mount  Camsell  in  the  Lone  Mountain  dolomite.  The  rocks  are  very  hard, 
massive,  grey  dolomites  and  fossils  are  extremely  rare.  No  concrete  confir- 
mation that  Silurian  was  present  could  be  obtained  and  the  examination  of 
many  sections  elsewhere  in  the  area  did  not  reveal  any  evidence  of  a  discord- 
ance such  as  would  be  expected  to  occur  between  the  Silurian  and  Middle 
Devonian. 

HmOLB  DEVONIAN 

It  was  found  impossible  to  subdivide  the  Middle  Devonian  in  the  Nahanni- 
Root  sections.  The  rocks  are  a  lithological  unit  and  fossils  when  found  are 
poorly  preserved.  There  are  no  shale  members  such  as  occur  farther  down 
Miackenzie  river,  and  divisions  could  not  be  made,  nor  was  any  sharp  dividing 
line  seen  between  fossiliferous  Middle  Devonian  and  the  unfossiliferous  part 
below  that  has  been  <called  the  Lone  Mountain  dolomite.  A  limited  number  of 
specimens  of  Martinia  sp.,  similar  to  those  occurring  in  the  Pine  Point  lime- 
stone of  Great  Slave  lake,  were  found.  No  doubt  this  horizon  is  about  the 
same  wherever  Martinia  oocujrs  in  the  Nahanni-Root  sections,  but  this  fossil 
was  not  very  closely  confined  in  its  vertical  distribution.  Near  the  top  of 
mount  Camsell  there  is  a  small  series  of  shales  between  heavy-bedded  lime- 
stones and  in  these  shales  SchucherteUa  chemungensis  occurs  at  the  top  of  an 
exposed  thickness  of  1,650  feet  of  limestones.     The  same  fossil  also  occurs  on 

1  Kindle,  B.  M.,  OeoL  Surv.,  Can.,  Sum.  Rept.  1920.  pt.  B.  p.  44. 
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Wriglej  rock  (Roche-qui-trempe^-rEau)  at  Wrigl^,  and  on  the  first  mountain 
to  the  west  of  Wrigl^.  On  mount  Camsel^l  there  is  a  ooral  horizon  about  20 
feet  higher  stratigraphically  than  this  shale  zone.  This  coral  zone  contains 
OyathophyUum  cf.  quadrigemum,  FavosUes,  Oladopora,  AlveoUies,  and  Stroma- 
toporoids.  The  same  coral  zone  appears  on  the  top  of  Lone  mountain,  an 
isolated  mountain  southeast  of  the  junction  of  the  North  Nahanni-Mackenzie, 
and  1,900  feet  above  it.  The  thidmess  of  strata  r^resented  here  above  the 
bottom  of  the  talus  is  slightly  over  2,000  feet  On  other  mountains  to  the 
south  of  this  about  500  feet  more  strata  lie  on  top  of  the  coral  zone  so  that  the 
exposed  thickness  for  the  Middle  Devonian  and  Lone  Mountain  dolomite  is  in 
the  neighbourhood  of  2,500  feet.    The  base  was  not  seen. 

To  the  south  of  Lone  mountain  there  is  one  of  the  highest  peaks  of  the 
Nahanni  range  which  it  is  proposed  to  call  Nahanni  peak.  It  rises  about  ^,600 
feet  above  the  Mackenzie  and  the  summit  is  composed  of  Middle  Devonian 
rocks.  The  edge  shows  a  well-pronounced  thrust  fault  ((Plate  III  A),  and  its 
elevation  above  the  other  peaks  is  believed  to  be  due  to  this  cause.  Nahanni 
peak  can  be  recognized  for  long  distances  and  is  one  of  the  most  striking 
mountain  features  that  greets  the  view  of  the  traveller  down  the  Mackenzie. 

Although  there  is  no  definite  dividing  line  of  lithological  distinction 
between  the  Lone  Mountain  dolomite  and  the  Middle  Devonian  rocks,  there  is 
an  easily  recognizable  general  difference  between  the  top  and  bottom.  The 
lower  part  consists  of  light  grey  dolomite,  whereas  the  upper  part  is  much 
darker,  bituminous  limestone.  The  first  member  of  the  Upper  Devonian  above 
the  top  of  the  Middle  Devonian  is  a  dark  shale,  equivalent  to  the  Simpson 
shale  or  the  Fort  Creek  shales  of  Norman.  These  ehales  are  in  places  highly 
bituminous  and  in  them  the  Imperial  Oil  Company  sank  the  first  oil  well.  The 
dark  colour  and  bituminous  odour  of  the  Middle  Devonian  are  no  doubt  due 
to  bituminous  materials  that  have  migrrated  from  the  shales  above.  The  rock 
of  the  Middle  Devonian  is  much  the  eame  throughout  the  whole  Nahanni-Root 
sections;  and  to  the  west  of  Wrigley,  it  is  a  very  hard,  compact  ddomitic 
limestone  that  could  scarcely  be  considered  a  very  favourable  oil  reservoir  in 
this  region,  because  of  the  metamorphism  to  which  it  has  been  subjected.  The 
I)orous  dolomite  of  the  Presqu'ile  formation  of  Great  Slave  lake  is  lacking  in 
the  Nahanni-Root  River  area,  although  it  is  probably  represented  by  much  less 
porous  dolomites  or  dolomitic  limestones.  No  Stringocephalus  hurtini — the 
characteristic  fossils  of  this  horizon — were  found,  but  since  this  fossil  occurs 
on  Great  Slave  lake  and  in  the  section  north  of  Norman  near  Fort  Good  Hope 
in  the  Ramparts  limestone,  there  are  probably  stratigraphic  equivalents  in  the 
intermediate  areas.  In  fact,  the  presence  of  the  coral  Cyathophyllum  cf. 
quadrigemum  may  have  some  significance  as  it  occurs  elsewhere  in  the  Stringo- 
cephalus zone} 

UPPER   DEVONUN 

Shale  Zone  No.  1.  These  shales,  from  their  position  in  the  stratigraphic 
column  and  their  fossil  content,  agree  in  age  with  the  Siftpson  shale  at  Simp- 
son and  with  the  (Fort  Creek  shales  of  Norman.  They  lie  immediately  above 
the  hard  Middle  Devonian  limestone,  the  contact  between  the  two  being  very 
sharply  defined  (Plate  IIIB).  In  the  Nahanni-Root  River  area  they  are  dark 
fissile  ehales  that  weather  very  readily,  and  consequently  they  are  little  exposed 
as  extensive  outcrops.  Nahanni  river  flows  over  these  shales  for  most  of  its 
course,  except  where  it  cuts  through  the  mountains,  and  it  is  owing  to  the 
soft  erosive  character  of  the  shales  that  the  river  is  free  from  rapids  and  falls. 

1  Report  of  the  second  Norwegian  Arctic  Expedition  in  the  From,  1898-1902«  vol.  Iv, 
p.  9. 
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The  shalee  are  mostly  clay  Bhales,  dark  to  black  in  colour  and  guite 
bituminous.  Along  with  them  are  thin  layers  of  limestone  up  to  3  inches  thick 
and  layers  of  calcareous  and  arenaceous  shale.  Ironstone  concretions  are 
abundant  in  aome  localities.  The  sha'les  are  mostly  unfossilifeious  and  con- 
segnently  it  is  impossible  to  identify  the  same  horisons  in  them  from  place  to 
place.  Fossils  do  occur,  however,  and  quite  abundantly  in  one  zone  close  to 
the  top,  where  two  species  of  very  small  Chonetes  are  the  most  common  along 
with  Atrypa  retictUaria, 

Owing  to  the  fact  that  correlation  of  strata  within  the  formation  is  hazard- 
ous, the  thickness  is  not  absolutely  known.  It  is  thought,  however,  to  be  not 
less  than  1,000  feet  and  may  be  as  much  as  2,000  feet  Where  the  best  expo- 
sures occur  and  opportunity  was  afforded  for  measuring  the  thickness,  folding 
within  the  shale  itself  was  evident.  It  would  seem  that  in  the  process  of 
mountain-building,  with  the  consequent  upheaval  of  the  hard.  Middle  Devonian 
rocks  into  anticlinal  ridges,  the  soft  shale  took  up  much  of  the  stress.  The  dips 
change  very  quickly  in  short  distances  and  in  a  few  places  the  shale  itself  has 
been  metamorphosed  almost  to  a  phyllita 

Leiorhynchus  Zone.  Leiorhynchids  being  very  widespread  and  abundant 
in  strata  overlying  the  Simpson  shale  equivalents,  it  is  proposed  to  use  the 
name  Leiorhynchus  zone  instead  of  adopting  a  new  formation  name.  Sedi- 
mentation was  continuous  upwards  from  the  Simpson  shale  and,  therefor^ 
there  is  no  sharply  defined  line  between  the  Simpson  shale  and  the  Leiorhyn- 
chus zone.  An  arbitrary  dividing  line  is  drawn  in  a  series  of  alternating  thin 
beds  of  limestones  and  shales  in  which  the  shale  becomes  increasingly  pre- 
ponderant downwards  and  the  limestone  beds  become  thicker  and  more  abundant 
upwards  until  the  whole  becomes  a  limestone  phase  of  sedimentation.  This 
limestone,  wherever  seen,  is  mixed  with  a  small  amount  of  shale  so  that  the 
fossils  break  from  the  rock  very  readily  and  on  talus  slopes  Leiorhynchids 
especially  were  easy  to  collect  and  free  from  the  enclosing  rock.  These  Leior- 
hynchids show  a  striking  variation  and  have  a  long  vertical  range,  but  by  their 
abundanK3e  together  with  the  occurrence  of  other  fossils  this  zone  can  be  defi- 
nitely identified.     A  list  of  fossils  provisionally  identified  appears  below: 

Leiorhynchtia  ap.  ^ 

CamarotoecMa  oontracta.     Abundant  at  certain  horizons 

SohitopKoria  iowensia 

Spirifer  diajunotua.    Common  at  certain  horizons  and  distributed  through  the 

whole  zone 
Athvria  ofiopeNca.    Rare 
Rhtfnchonella  duplicata.     Rare 
A  few  lamelllbranchs,  one  species  of  which  is  quite  abundant  in  shaly  fades  of 

this  zone. 

In  this  zone  was  found  a  coral  reef  in  which  a  number  of  fine  crinoid 

heads  were  discovered.     The  fauna  of  this  coral  reef  differs  somewhat  from 

the  rest  of  the  fauna  seen  elsewhere  and  is,  therefore,  given  separately. 

Crlnolds — 25  crinoid  heads  in  a  fine  state  of  preservation  were  obtained. 

Cladopora 

Cyathophyllum  sp. 

Diphvphyllum  arundinacenm.     Abundant 

PhiUipaaatroea  vemeuUi.     Common 

PhUHpaaatraa  sp. 

Aitlopora  sp. 

Batonia  sp. 

Atrypa  retioularia.     Particularly  abundant 

Atrypa  apinoaa.     Particularly  abundant 

Hypothyria  cuboidea 

Leiorhynchua  sp. 

Spirifer  sp. 

The  fauna  here  described  occurs  above  the  shale  which  is  known  to  be  the 
equivalent  of  the  Simpson  shale.    The  Simpson  shale  fauna  has  been  shown  by 
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Mr.  Kindle*  to  be  the  equivalent  of  the  Portage  fauna  of  New  York,  eo  that 
this  horizon  in  which  the  crinoids  occur  is  youngs  than  the  Portage  formation. 
The  outcrop  of  the  coral-crinoid  reef  is  about  68  miles  up  Root  river  and  2 
miles  south  of  the  river.  Dr.  Springer  has  kindly  conrsented  to  describe  the 
crinoids  found  here.  The  thickness  of  the  LeiOThynchus  zone  is  between  800 
and  1,100  feet 

Shale  Zone  No.  2,  Above  the  Leiorhynchus  zone  there  is  another  shale 
facies.  Again  the  line  of  division  is  not  sharply  marked.  It  is  a  shaily  phase 
of  continuous  sedimentation.  The  lower  part  ie  less  than  600  feet  thick  and 
consists  of  grey,  thin  shales  alternating  with  thin  layers  of  limestone.  This 
is  followed  by  a  heavy  band  of  massive  unfossiliferous  limestone  only  a  few 
feet  thick,  above  which  reddish  shales  occur.  These  shales  have  fossils  of 
which  the  princii>al  one  is  Leiorhynchus,  These  red  Ishales  change  upwards  to 
shaly  red  limestones  interstratified  with  limy  shales  and  in  these 'fossils  are 
quite  abundant.  The  most  abundant  fossil  is  Leiorhynchus  sp.,  but  the  speci- 
mens from  this  zone  were  nearly  all  very  much  larger  than  those  found  else- 
where. Barely  a  Spirifer  disjunctus  was  seen.  The  fossil  here  referred  to 
Spirifer  disjunctus  may  be  8.  ivhitneyi,  because  in  this  zone  Spirifer  with  the 
fine  lines  on  the  etriations  do  occur  and  are  similar  to  those  described  as 
8.  whitneyi  elsewhere.  Where  the  s^ell  is  somewhat  exfoliated  these  lines 
cannot  be  seen  and  consequently  distinction  between  8,  whiineyi  and  8,  dis- 
junctus  becomes  difficult  as  there  is  considerable  variation  shown  in  specimens 
of  botL  species.  There  is  another  Spirifer — apparently  a  new  species — from 
this  zone  which  is  as  far  as  known  confined  to  these  upper  red  shaly  lime* 
stones.  It  has  a  peculiar  shape,  being  very  sinuate  on  the  anterior  margin, 
this  giving  it  a  great  length  in  an  anterior-posterior  direction  compared  with 
its  narrow  width. 

A  complete  list  of  fossils  from  this  zone  is  as  follows : 

Leiorhynohua  ip. 
Spirifer  diajunotu9 
Spirifer  whitneyi 
Spirifer  sp. 

8pirifer  disjuncttu  occurs  in  the  Hay  River  limestones  and  ehales  of  Hay 
River-Great  Slave  area,  and  in  the  Bosworth  sandstone  of  Norman.  Until 
all  the  faunas  are  studied  in  more  detail  it  will  not  be  possible  to  say  how 
much  of  the  Nahanni  Root  section  is  the  stratigraphic  equivalent  of  these. 

The  thickness  of  the  zone  measured  from  the  Root  River  area  ie  not  les3 
than  1,000  to  1,200  feet. 

Athyris  Angelica  Zone,  This  is  a  relatively  thin  zone  of  yellowish  lime- 
stone with  which  some  grey  shaly  material  is  interstratified.  The  thickness  is 
not  more  than  200  feet  and  is  probably  a  little  less.  Good  exposures  were 
found  both  in  the  North  Nahanni  area  and  in  the  Root  River  eections. 

The  fauna  is  as  follows: 

Leiorhynohua  sp. 

Athyria  anoelica.    Abundant 

Spirifer  whitneyi 

Spirifer  diajunotusf 

Batonia  sp. 

ProducteUa  lachrymoaa  var.  Uma 

Amhoooelia  sp.    Very  small  fossils— common 

Hypothyria  ouboidea.    Two  small  specimens  only 

The  presence  of  Athyris  angelica  in  abundance  is  sufficient  to  distinguish 
this  limestone  from  the  Leiorhynchus  zone  lower  down.  The  Leiorhynchids 
that  occur  in  the  zone  are  small  and  flat  and  are  decidedly  different  from  those 
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in  the  Leiorhynchus  zone.  From  a  preliminary  study  it  seems  safe  to  eay  that 
the  Spirifers  most  closely  resembling  B,  whUneyi  occur  higher  stratigraphic- 
ally  than  8.  disjunctus,  although  both  occur  together  in  intermediate  zones. 

Shale  Zone  No.  S.  This  is  a  thin  shale  series,  the  top  of  which  does  not 
occur  in  the  area.  It  is  a  dark,  fifisile  shale,  much  like  shale  from  the  iower 
part  of  shale  zone  No.  S.  It  was  found  on  top  of  the  Athyris  angelica  zone  in 
the  North  Nahanni  section,  in  the  axis  of  the  syncline,  where  it  has  been  pre- 
served.   Its  thickness  did  not  exceed  100  feet  and  it  is  unfoesiliferous. 

STRUCTURE 

For  the  major  structure  it  is  only  necessary  to  consider  the  larger  strati- 
graphic  subdivisions,  the  Middle  and  Upper  Devonian  and  the  Lone  Mountain^ 
dolomite  which  has  been  referred  to  the  Silurian.  No  definitely  determined 
Lower  Devonian  was  teen  in  the  North  Nahanni  or  Root  River  sections;  and 
from  other  parts  of  the  Mackenzie  valley,  it  is  known  that  the  Lower  Devonian 
is  absent,  the  Middle  Devonian  resting  directly  on  the  Silurian. 

The  North  Nahanni  river  near  its  mouth  cuts  across  Middle  Devonian 
mountains,  having  flowed  through  a  valley  which  for  about  50  miles  from  the 
Mackenzie  shows  the  influence  of  the  rock  structure  on  the  course  of  the  river. 
In  this  part  there  is  a  broad  syncline  with  Middle  Devonian  exposed  on  the 
flanks  as  high  mountains  2,000  to  3,000  feet  above  the  river  and  with  Upper 
Devonian  forming  the  central  part  of  the  syncline.  The  river  throughout  this 
part  has  closely  followed  the  south  and  east  contact  of  the  hard  Middle  Devonian 
limestones  with  the  soft,  lower  shales  of  the  Upper  Devonian,  and  has  been 
able  to  erode  a  deep,  wide  valley  in  the  limestones  and  shales  of  the  Upper 
Devonian.  These  now  form  cliffs  or  abrupt  scarps  from  1,000  to  2,000  feet 
above  the  river  on  the  north  side.  About  50  miles  from  the  mouth  there  is  a 
change  in  the  direction  of  the  river  where  it  has  cut  through  hard  Middle 
Devonian  rocks  which  form  the  mountains  on  the  western  flank  of  the  synclina 
To  the  north  of  this  point,  the  whole  section  from  the  Middle  Devonian  to  the 
highest  beds  of  the  Upper  Devonian  is  exposed  across  the  axis  of  the  syncline, 
although,  as  elsewhere,  the  shale  members  are  commonly  hidden  by  the  heavy 
growth  of  forest  and  the  limestones  form  cliffs  at  some  distance  back  from 
the  river. 

Following  up  the  river  through  the  Middle  Devonian  mountains,  the  moun- 
tains themselves  are  seen  to  be  an  anticline  with  very  steep  dips  on  the  east 
slope  and  with  less  steeply  inclined  rocks  on  the  west.  Due  to  the  westward 
dip  on  the  west  side  of  this  anticline,  the  hard  Middle  Devonian  rocks  are 
covered  within  a  short  distance  by  stratigraphically  higher  rocks  which  farther 
from  the  anticlinal  ridge  have  only  a  slight  westward  dip.  The  river  has  cut 
so  deeply  into  these  sediments  that  on  both  sides  high  cliffs  of  Upper  Devonian 
rise  1^00  feet  or  more  above  the  bottom  of  the  river  valley.  Viewed  from  a 
high  elevation,  this  coimtry  imderlain  by  Upper  Devonian  rodLS  appears  to  be 
a  gently  rolling  plateau  with  a  slight  southwestward  tilt  and  deeply  dissected 
by  North  Nahanni  river  in  its  course  from  the  southwest  This  part  of  the 
river  was  not  traversed,  but  this  elevated  plateau  stretches  for  at  least  20  to  30 
miles  to  the  west  and  terminates  against  high  cliffs — certainly  not  of  Upper 
Devonian  rocks— that  represent  the  edge  of  the  next  westward  range.  Nothing 
is  known  of  the  country  to  the  south  or  west,  between  this  plateau  and  the 
South  Nahanni  river,  a  long  distance  farther  west 

The  part  of  the  North  Nahanni  traversed  cuts  across  two  ranges,  both  of 
hard,  resistant  Middle  Devonian  limestones,  one  range  being  about  2  miles 
from  the  mouth  or  junction  with  the  Mackenzie  and  the  other  50  miles  up  the 
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river.  Both  of  these  ranges  rise  between  2,000  to  3,000  feet  above  the  river 
and  between  them  lies  the  great  synclinal  structure  containing  TJppw  Devonian 
sediments,  into  which  the  river  draining  from  the  next  southwestward  vall^ 
has  cut  a  deep  trench  along  the  strike  of  the  rocks.  The  river  in  thie  part  is, 
therefore,  clearly  following  the  structure,  having  found  the  line  of  least  resist- 
ance along  the  contact  between  the  hard  Middle  Devonian  limestones  and  the 
soft  shales  of  the  lowest  member  of  the  Upper  Devonian. 

Root  river  also  follows  a  structural  valley,  but  one  of  a  slightly  different 
type  from  that  of  the  Korth  Kahanni.  Mount  Camsell  range  near  the 
mouth  of  the  North  Nahanni  continues  with  a  slight  break  to  the  north  and 
is  seen  as  a  high  escarpment  facing  east  on  the  west  side  of  Root  River  valley. 
Throughout  the  greater  part  of  this  distance  it  is  a  fault  face.  The  throw  of 
the  fault  is  some  thousands  of  feet,  for  the  upthrow  side  to  the  west  brings 
up  the  high  ridge  of  massive  and  resistant  Middle  Devonian  limestones,  under- 
lain by  the  Lone  Mountain  dolomite  into  mountains  2,000  to  8,000  feet  above 
the  river  and  the  downthrow  side  preserves  some  of  the  highest  known  Upper  • 
Devonian  rocks  in  contact  with  the  Lone  Mountain  dolomite.  The  actual  con- 
tact is  covered  with  talus  from  the  high  Middle  Devonian  mountains,  but  the 
dips  and  strikes  leave  no  doubt  about  the  character  of  the  structure  at  this 
point 

About  6  miles  above  the  mouth  of  Root  river,  an  anticline  in  Upper 
Devonian  rocks  with  a  northerly  strike  is  cut  by  the  river,  and  the  rocks  on 
the  west  limb  of  this  anticline  dip  toward  the  fault  scarp  on  the  west  side  of 
the  valley.  Root  River  valley  is,  therefore,  on  the  west  limb  of  an  anticline, 
the  river  channel  being  in  Upper  Devonian  strata.  About  25  miles  from  the 
mouth  the  direction  of  the  river  changes  after  having  cut  through  the  Mddle 
Devonian  mountains  to  the  west.  The  gap  in  the  mountains  is  very  sharply 
defined,  being  less  than  three-quarters  of  a  mile  wide,  with  the  mountains 
rising  precipitously  on  each  side  to  over  2,000  feet  above  the  bottom  of  the 
river  valley.  Upstream  from  this  gap  the  valley  widens  to  a  great  flood-plain 
several  miles  in  extent,  and  several  streams  join  from  different  valleys.  This 
ie  in  reality  a  continuation  of  the  synclinal  structure  through  which  the  North 
Nahanni  flows  for  50  miles  above  its  mouth,  but  the  anticline  which  made  the 
prominent  mountain  range  to  the  southwest  of  the  Nahanni  has  here  entirely 
died  out  and  the  structure  is  a  part  of  the  southwestward-dipping  plateau 
which  occurs  farther  up  the  North  Nahanni.  The  rocks  here  are  gently  west- 
erly dipping  Upper  Devonian  sediments,  similar  to  those  west  of  the  Nahanni 
basin. 

Evidence  of  Faulting 

There  is  considerable  evidence  of  faulting  on  a  large  scale  presumably 
during  the  erogenic  movements  that  have  resulted  in  the  present  mountainous 
topography. 

As  already  mentioned  the  country  east  of  Mackenzie  mountains  is  a  low 
plain,  lying  for  the  most  part  little  above  the  level  of  the  river  and  dotted 
with  almost  innumerable  lakes  and  sloughs.  The  edge  of  the  mountains  rises 
abruptly  from  the  flat  plain  with  an  escarpment  in  many  places  showing  cliffs 
1,500  feet  high. 

There  are  no  outcrops  on  this  flat  plain  in  front  of  the  mountains  except 
along  banks  of  the  Mackenzie.  A  good  exposure  on  the  south  side  of  the  river 
about  5  miles  upstream  from  the  North  Nahanni  river  consists  of  rocks  of  the 
Leiorhynchus  zone.  There  is  an  anticlinal  structure  shown  here  with  a  dip 
down  river  well  indicated.  It  seems,  therefore,  safe  to  say  that  the  plain  back 
of  the  Mackenzie  is  underlain  by  Upper  Devonian  rocks,  probably  mostly  of 
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the  Simpson  sliale  horizon^  that  have  been  brought  in  contact  with  the  Lone 
Mountain  dolomite  by  faulting  along  the  base  of  the  mountains.  This  would 
make  a  throw  on  the  fault  of  approximately  8,000  feet  for  this  particular  sec- 
tion. The  escarpment  that  now  forms  the  eastward  face  of  the  mountains  is 
thus  the  result"  of  erosicHi  along  a  former  fault  face.  This  escarpment  shows 
many  evidences  of  extreme  brecciation.  The  limestone  has  been  fractured  and 
6triDgers  of  caleite  cutting  it  in  all  directions  are  very  plentiful  Brecciation 
of  the  limestone  itself  on  a  large  scale  was  aleo  noted  and  is  further  evidence 
of  the  intensity  of  the  forces  active  in  the  mountain  building. 

The  eastward-facing  escarpment  of  the  main  range  south  of  the  North 
Nahanni  is  continued  past  Lone  mountain  which  shows  similar  evidences  of 
faulting.  Blocks  of  fault  breccia  were  seen  in  the  talus  slope  of  Lone  moun- 
tain. It  is  evident,  therefore,  that  this  fault  line  scarp  is  not  far  removed 
from  the  former  fault  scarp.  Between  Lone  mountain  and  Mount  Camsell 
range  there  is  a  break  through  which  North  Nahanni  river  flows.  The  east 
face  of  Mount  Oamsell  range  is  also  faulted,  but  this  fault  trends  in  a  direction 
slightly  different  to  that  of  North  Nahanni  mountains  to  the  south  of  that 
river.  The  faulted  face  of  mount  Camsell  is  continued  into  the  mountain 
range  on  the  west  side  of  Root  river,  where  the  character  of  the  faulting  is 
clearly  shown.  For  miles  the  escarpment,  formed  as  a  result  of  this  faulting, 
is  very  prominent  (Plate  lYA)  and  is  composed  of  Middle  Devonian  rocks 
with  the  Lone  Mountain  dolomite  at  the  base.  About  20  miles  up  Root  river 
it  becomes  less  steep  and  is  seen  to  be  a  fold  with  the  beds  dipping  up  to  70 
degrees  on  the  eastward  face.  In  this  folding  the  evidences  of  movement  are 
clear  and  the  faulting  is  apparently  a  result  of  further  movements  that  have 
accompanied  extreme  folding.  At  the  base  of  the  Root  River  escarpment, 
rocks  high  up  in  the  Upper  Devonian  sequence  occur  close  to  the  base  of  the 
mountains.    The  throw  here  is,  therefore,  between  5,000  and  6,000  feet. 

The  range  to  the  west  of  the  North  Nahanni,  from  20  to  50  miles  from 
the  mouth  of  that  river,  is  of  the  same  type  as  the  Root  River  mountains.  It 
showiB  very  steep  folding  (Plate  IVB)  facing  the  river,  with  faulting  in  places. 
These  mountains  are  unsymmetrical  folds  with  steep  dips  on  the  Mackenzie 
River  side  and  more  gentle  dips  to  the  west  In  places  the  beds  on  the  east- 
ward side  have  become  so  steeply  tilted  that  faulting  is  more  prominent  than 
folding,  but  it  is  quite  evident  that  both  have  played  a  large  part  in  the  moun- 
tain building. 

E(X)NOMIC  GEOLOGY 

POSSIBILITIES  OF  THE  OCCURRENCE  OF  OIL 

The  significance  of  the  work  accomplished  in  the  Nahanni-Root  River  areas 
lies  in  the  section  that  has  been  obtained.  In  a  great  many  places  in  the  Mac- 
kenzie valley  only  isolated  outcrops  occur,  and  it  is  extremely  difficult  to  inter- 
pret the  structure.  The  application  of  the  Nahanni-Root  River  section  to 
other  parts  of  the  Mackenzie  River  area  should  prove  of  great  value  in  solving 
the  structural  problems  involved  in  prospecting  for  petroleum. 

In  the  mountains  of  the  Nahanni-Root  River  areas  the  conditions  are  not 
favourable  for  oil  accumulation.  There  is  no  horizon  in  the  Middle  Devonian 
which  would  be  a  suitable  reservoir  under  the  conditions  of  metamorphiem  to 
which  the  rock  has  been  subjected,  and  any  oil  formerly  in  the  Upper  Devonian 
beds  has  probably  not  been  retained  in  them. 

In  the  flat-  plain  to  the  east  of  the  front  range  of  mountains,  suitable  con- 
ditions may  exist.  An  anticline  on  Mackenzie  river  some  5  miles  distant  from 
the  mountains  shows  that  there  is  folding  on  a  moderate  scale  in  this  flat 
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plain;  but  the  rocks,  if  they  are  the  same  as  in  the  mountain  farther  west,  lack 
sandstone  and  very  porous  dolomite  horizons  such  as  would  facilitate  oil 
accumulation.  It  would  be  an  unsafe  and  unjustifiable  conclusion,  though, 
that  no  suitable  horizons  exist,  because,  in  the  mountains,  intensive  metamor- 
phism  has  greatly  altered  the  rocks  from  the  condition  they  would  be  expected 
to  have  farther  east.  The  area  from  Simpson  west  to  liliackenzie  mountains 
offers  favourable  structures  for  oil  prospects  but  concerning  this  too  little  is 
known  of  the  geology  to  permit  safe  conclusions  to  be  drawn  in  regard  to 
possible  oil  reservoirs.  It  is  a  coimtry  overlain  by  muekeg  in  which  rock  out- 
crops are  extremely  rare  and  which  is  not  easily  accessible  away  from  Mac- 
kenzie river  on  account  of  the  lack  of  navigable  streams. 

TERTIARY  PLANT  REMAINS  COLLECTED  BY  G.  S.  HUME  IN  THE 
MACKENZIE  RIVER  BASIN 

By  W.  A.  Bell 

North  side  Mackenzie  river,    about    2    miles    up    Mackenzie    river  from 

Norman : 

Beqxtoia  langadorfi  (Bron^lart)  H^r 
Corylus  miiquarrii  (Forbes)  Hecr 
Pteroapermites  dentatus  Heer 
Pterospertnitea  apectahilia  Heer 
Populua  arctica  Heer 
Populua  hookerit  Heer 
Queroua  cf.  olafaeni  Heer 

West  bank  Mackenzie: 
Acer  cf.  aroiicum  Heer 

All  the  above  species  were  described  by  Heer^  in  1868  and  1880,  from  the 
collection  made  by  Sir  John  Richardson  from  the  lower  part  of  Great  Bear 
river,  in  1851,  in  connexion  with  his  search  for  Sir  John  Franklin.  They 
were  regarded  by  Heer,  along  with  other  Arctic  Tertiary  florae,  as  Miocene  in 
age.  Sir  William  Dawson,*  however,  in  1888-8^,  in  a  report  on  plant  remaiuB 
gathered  by  McCounell  from  the  same  locality  in  the  Mackenzie  basin,  poihted 
out  the  strong  resemblance  of  the  flora  to  that  of  the  Upper  Laramie  or  Fort 
Union,  as  well  as  to  the  Tertiary  floras  of  Greenland,  Alaska,  Spitzbergen,  etc. 
He  accordingly  assigned  the  Mackenzie  beds  a  Lower  Eocene  age. 

Knowlton^  in  1904  likewise  placed  the  "Arctic  Miocene"  flora  of  Heer  in 
the  Eocene  (Upper  Eocene),  and  the  Mackenzie  River  beds  are  referred  to  the 
Fort  Union  group;  Penhallow*  in  1908  came  to  a  similar  conclusion  in  agree- 
ment with  Dawson^s  Lower  Eocene  correlation.  On  account,  therefore,  of  the 
close  similarity  of  the  Mackenzie  Tertiary  flora  to  the  other  Arctic  Tertiary 
floras  it  seems  eafe  in  the  present  state  of  our  knowledge  to  regard  the  Mac- 
kenzie beds  as  pre-Miocene  and  to  assign  to  them  an  Eocene  age. 

The  flora  shows  a  mixture  of  conifers  with  such  hardwoods  as  oak,  maple, 
birch,  walnut,  hazelnut,  etc.,  and  hence  testifies  to  a  temperate  climate  ia 
Arctic  regions  during  that  part  of  the  Eocene  in  which  it  flourished. 

GOLD  PROSPECTS  ON  CARIBOU  ISLAND,  GREAT  SLAVE  LAKE 

Caribou  island  is  situated  close  ito  the  north  shore  of  Great  Slave  lake,  n 
few  miles  east  of  the  southern  end  of  the  North  arm.  For  some  time  gold 
prospects  on  it  have  attracted  considerable  attention  and  as  the  Aurous  Gold 

iHeer,  Oswald.  Flora  PoasUla  ArcUca.  voL  I,  1868,  pp.  185-189;  1  Id.,  vol.  VT,  1880 
DP.  3-17. 

SDawaon,  Sir  William,  Geol.  Surv.,  Can.,  N.S..  vol.  IV.  1888-89,  p.  98  D. 
SKnowlton,  P.  H..  "Fossil  Plants  from  Kukak  Bay,"  Harriman  Exp.,  IV,  1904. 
*Penhallow,  D.  P.,  "Report  on  Tertiary  Plants  of  B.C.."  1908.  pp.  150-152. 
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Mining  Company  was  taking  an  active  interest  in  the  development,  the  writer 
was  instructed  to  report  on  the  geology  and  economic  value  of  the  island. 

Oaribou  island  is  in  reality  wrongly  named.  The  Indians  apply  the  name 
to  a  much  smaller  island  and  the  one  on  which  the  gold  claims  are  staked  is 
known  to  them  as  White  island  or  ile  Blanche.  However,  since  the  name 
Caribou  has  become  so  widely  known  to  those  interested  in  the  gold  claims  it 
seems  inadvisable  to  adopt  the  Indian  name. 

Oaribou  island  is  one  of  the  larger  among  numerous  islands  in  this  part 
of  the  lake.  It  is  said  to  be  10  miles  in  length  in  a  general  east  and  west 
direction.  It  is  quite  narrow,  however,  and  as  is  usual  in  a  country  of  Pre- 
cambrian  rocks  the  shoreline  is  much  indented,  with  deep  bays  which  in  some 
cases  extend  almost  across  the  island.  One  of  these  bays  with  deep  water  to 
the  shore  offers  a  very  sheltered  harbour  and  is  situated  close  to  the  Aurous 
Qold'  Mining  Company's  claims.  This  fine  harbour  has  been  aptly  named 
"  Safety  cove "  and  any  one  who  haa  travelled  on  Great  Slave  lake,  especially 
late  in  the  sunmier,  will  appreciate  its  value.  On  the  shore  of  Safety  cove 
the  Aurous  Gold  Mining  Company  has  built  a  well-equipped  and  neatly  con- 
structed cabin  which  was  used  during  the  winter  of  1920-21. 

Most  of  the  islands, near  Caribou  island  are  almost  barren  of  larger  vege- 
tation and  forbidding  in  appearance.  Caribou  island,  however,  presumably  on 
account  of  its  larger  size,  has  a  rolling  topography  of  low  hills  mostly  of  rocky 
character  with  wide  valleys  which  support  a  thick  gprowth  of  small  spruce. 
Near  the  west  end  some  trees,  much  above  the  average  size,  have  been  in  part 
utilized  in  the  conetruction  of  the  cabin.  One  of  the  striking  features  at  this 
part  of  the  lake  is  the  thick  growth  of  white  Caribou  moss,  a  lichen  which  in 
places  is  several  inches  thick  and  covers  what  would  otherwise  be  bare  rock. 
Where  the  moss  grows  most  plentifully  trees  are  generally  few. 

Attention  was  directed  particularly  to  the  part  of  the  island  on  which 
claims  have  been  located.  Bocks  of  only  two  distinct  ages  were  seen.  Of 
these  the  less  conspicuous  are  green  schists  which  occur  as  isolated  small 
patches  and  which  are  believed  to  be  older  than  the  other  and  more  abundant 
outcrops  that  have  been  incorrectly  called  granite.  It  is  a  pink  arkose  con- 
taining in  conspicuous  abundance  rounded  grains  of  quartz  and  pink  feldspar. 
In  thin  sections  quite  a  little  calcite  and  some  sericite  are  shown  to  be  present 
as  wdl.  The  rock  is,  therefore,  of  sedimentary  origin  instead  of  being 
igneous.  It  can  be  traced  laterally  by  insensible  gradations  into  quartzites. 
These  quartzites  are  grey  and  it  is  in  them  that  the  most  of  the  quartz  veins 
occur.  The  quartz  of  the  quartz  veins  is  readily  distinguishable  from  the 
quartzites. 

Particularly  across  the  part  of  the  island  west  of  Safety  cove  there  is  a 
general  alignment  of  veins  in  the  direction  north  40  degrees  east  magnetic  This 
is  apparently  a  result  of  vein  filling  along  a  former  fracture  system  which  has 
been  responsible  for  the  general  arrangement.  The  rocks  cut  by  the  veins,  as 
now  visible,  are  all  arkose  and  quartzites.  In  places  the  fracture  system  is 
evident  only  as  a  narrow  zone  8  to  10  feet  wide  in  which  the  vein  quartz  has 
been  deposited  as  a  mesh-work  of  small  stringers.  Hematite  is  present  and 
stains  the  rock  red.  At  other  places  the  quartz  veins  are  spread  out  over  a 
much  wider  area  and  appear  on  the  surface  of  the  outcrop  as  elongated  lenticu- 
lar masses  of  vein  quartz,  no  one  of  which  can  be  traced  without  interruption 
for  any  great  distance.  In  these  the  quartz  is  most  frequently  pure  white  with 
much  less  red  stain  but  with  veinlets  of  epecularite.     Siderite  is  also  present. 

Samples  from  the  same  fracture  zone  as  that  in  which  the  prospect  from 
which  the  Aurous  Gold  Mining  Company  is  said  to  have  obtained  gold  were 
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submitted  to  the  Mines  Branch  for  assay.  These  samples  were  taken  at  various 
places  across  the  fracture  jsone  and  also  from  individual  veins  where  the  frac- 
ture aystem  was  quite  wide.  The  assays  showed  no  gold.  It  is  only  fair  to 
add  that  owing  to  the  absence  from  the  island  of  both  (dicials  and  men  of  the 
Aureus  Gold  Mining  Company  the  particular  prospect  where  gold  has  been 
found  was  not  seen.  From  this  prospect  very  little  rode  had  been  excavated 
and  as  excavation  had  been  made  at  many  other  points  on  the  fracture  zone 
the  prospect  might  be  easily  overlooked.  This  was  later  learned  from  one  of 
the  officials  of  the  company  who  was  aooompanying  a  party  on  the  way  to 
Caribou  island  when  the  writer  was  returning  to  Edmonton.  The  conclusion, 
therefore,  is  that  the  Aureus  Odd  Mining  Company  obtained  the  gold  from  a 
pocket  the  extent  of  which  is  as  yet  unknown. 

No  intrusive  rocks  were  eeen,  but  the  east  end  of  the  island  was  not 
examined.  The  nearest  geological  investigation  that  has  been  done  by  the 
Geological  Survey  on  the  Precambrian  of  this^  region  is  in  the  vicinity  of 
Taltson  river  which  flows  into  Great  Slave  lake  from  the  soudi. 


1  CamselY.  Charles,  "An  Ehq^loratlon  of  the  Tazin  and  TaJtaon  Rivers,  N.W.T.,*'  Qeoh 
S*«rv.,   Can.,  Mem.   84,   1916. 
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INTRODUCTION 

The  discovery  of  oil  on  the  lower  reaches  of  Mackenzie  river  in  a  well 
bored  by  the  Imperial  Oil  Company,  Limited,  in  1920,  led  to  the  expectation 
that  during  the  season  several  more  wells  would  be  drilled  and  that  isonsider- 
able  drilling  machinery  would  be  shipped  in.  Existing  transportation  facilities 
on  the  Mackenzie  were  augmented  by  several  power-boats,  yet  daring  the  whole 
season  of  1921  material  sufficient  for  building  only  four  standard  drilling  rigs 
was  transported.  Only  one  drill  which  was  shipped  in  a  knocked-down  condi- 
tion and  quickly  erected,  was  operated.  This  knock-down  rig  was  placed  by 
the  Fort  Norman  Oil  Company  on  the  north  shore  of  the  river,  8  miles  above 
the  Imperial  Oil  Company's  discovery  well  (Plate  V).  It  was  in  operation  for 
fifteen  days  and  bored  through  shale,  to  a  depth  of  1>500  feet,  the  limit  allowed 
by  the  casing  on  hand.  No  distinct  flow  of  oil  is  claimed  to  have  been  found; 
but  a  flow  of  gas  was  reached  at  that  depth  and  piped  to  the  cabin  in  which 
a  caretaker  was  to  spend  the  winter.  Three  derricks  also  were  in  course  of 
erection  in  the  Norman  area  during  the  summer  of  1921.  Drilling  at  Windy 
point  on  Great  Slave  lake  proved  that  the  measures  beneath  the  Presqu'ile 
dolomite  at  that  place  are  unproductive. 

According  to  the  reports  mentioned  below,  the  oil  in  the  eastern  section 
of  the  Mackenzie  region,  where  the  structure  shows  little  disturbance,  is 
heavier  than  that  found  in  the  vicinity  of  the  closer  folds  of  the  Norman  field. 
The  Norman  oil  has  produced,  experimentally,  a  high-grade  gasoline  which  is 
almost  free  of  sulphur  and  passes  the  test  for  aeroplane  use.  The  flow  of  oil 
in  the  discovery  well,  being  from  shale,  decflined  during  the  summer  of  1921 
to  a  few  barrels  per  day. 
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In  this  report  the  writer  presents  certain  obsenratioibs  and  opinions  regard- 
ing the  structure  of  the  region  as  a  whole  which  may  shed  some  light  upon 
its  oil-bearing  possibilities.  Local  studies  of  the  Oreat  Slave  Lake  field  are 
contained  in  the  Summary  Reports  of  the  Geological  Survey  for  the  years 
1916  ^and  1917,  and  of  the  Korman  field  in  the  Summary  Eeport  for  1920.  A 
review  of  the  history  of  operations  in  these  two  fields  may  also  be  found  in  the 
Second  Annual  Report  of  the  Afaneral  Resources  of  Alberta,  1920,  pages  91 
to  101. 

GENERAL  GEOLOGY 

8UB-CRETACE0U8  SURFACE 

The  Cretaceous  sediments  of  the  Great  Plains  rest,  at  their  eastern  edge, 
disoonformably  on  Upper  Devonian  limestones,  but,  westward  toward  the 
Rocky  mountains,  later  Palaeozoic  sediments  are  found  beneath  the  Cretaceous. 


It  is  surmised  that  these  later  Palsdozoics  had  a  western  source  and  were  due 
either  to  a  general  uplift  or  to  a  tilting  whereby  the  eastern  shore-line  of  the 
interior  sea  in  which  th^  were  deposited  gradually  moved  westward.  In  Car- 
boniferous time  (Figure  1)  there  emerged  a  large  eastern  and  northern  area 

Figure  1.  Sketch  map  showing  the  western  shore-lines  of  the  Pal»osoic  sea  In 
northwestern  Canada.  The  solid  line  represents  the  western  shore  of  the 
sea  in  Upper  Carboniferous  time;  the  broken  line  Its  western  shore  In 
Devonian  time:  and  the  area  between  these  lines  represents  the  pre- 
Cretaceous  area  of  erosion. 
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of  erosion  from  which  early  Carboniferous  and  late  Devonian  sediments  were 
removed,  and  in  the  western  part,  especially  in  Alberta,  deposition  was  oon- 
tinuous,  though  the  composition  of  the  sediments  indicates  a  shallowing  or  a 
general  uplift  of  this  part  through  Permian  and  Triassic  time.  North  of  the 
boundary  of  Alberta  and  east  of  the  mountains  no  evidence  has  yet  been  found 
to  show  that  the  Gretaceoue  rests  at  any  point  on  strata  newer  than  the 
Devonian. 

This  sub- Cretaceous  surface  was  subject  to  erosion  as  a  land  area  from 
possibly  the  beginning  of  the  Carboniferous  period.  The  section  in  Jasper  pass, 
made  up  of  clastic  material  largely,  is  of  the  earlier  Carboniferous  period  of 
marine  sedimentation.  That  preserved  on  Banks  island,  though  largely  marine 
in  its  upper  part,  is  coal  bearing,  showing  that  for  a  time  the  early  Carboni- 
ferous deposits  were  forming  in  shallow  water.  This  lends  some  support  to 
the  idea  that  the  nearby  Mackenzie  area  was  at  this  time  land.  The  westward 
retreat  of  the  sea  would  also  imply  a  longer  period  of  erosion  for  the  edges  of 
the  PalsBOzoic  formations  than  indicated  above  and,  ae  Mr.  Kindle  suggests,^ 
that  Devonian  and  earlier  sediments  were  largely  removed.  In  the  vicinity 
of  Nahanni  mountains  the  Devonian  section  is  apparently  complete,  but  north 
and  east  therefrom  the  Upper  Devonian  was  largely  removed.  The  pre-Cre- 
taceous  surface  near  Norman  is  made  up  of  the  lower  part  of  the  Upper 
Devonian,  but  eastward  on  Bear  river  it  is  possible  that  most  of  the  Devonian 
was  removed,  for  the  limestone  exposures  appear  to  be  Silurian. 

In  the  Mackenzie  basin  it  would  appear  that  previous  to  any  mountain- 
building  movements,  the  Palaeozoic  beds  emerged  from  the  sea  in  much  the 
same  manner  as  is  now  seen  in  Great  Slave  Lake  area,  that  is,  in  broad  bands 
paralleling  their  present  eastern  boundary.  Various  members  were  eroded 
before  being  resubmerged  in  the  early  Cretaceous  sea.  The  material  deposited 
in  this  sea  may  well  have  been  derived  from  extensive  areas  of  the  softer  beds 
exposed  along  its  advancing  shore,  and  unconformable  relations  between  the 
newer  deposits  and  the  former  land  area  could  thus  have  been  established 
without  earth  movements.  If  there  was  any  folding  at  this  time,  it  would 
conform  to  the  general  continental  structure  and  might  be  limited  to  the 
ridges  north  of  Bear  river  near  Norman. 

CRETACEOUS   DEPOSITS 

The  exact  age  of  the  Cretaceous  of  this  basin  has  not  yet  been  deduteed 
from  its  fossils.  The  earliest  determinations  are  probably  those  by  Sowerby, 
from  the  fossils  obtained  from  Bear  river  by  Dr.  Richardson,  naturalist  to  the 
second  Franklin  land  expedition.  Affinities  between  the  forms  found  and  those 
known  from  the  oolites  of  the  Oxford  clay,  were  pointed  out,  and  Dr.  Richard- 
son* suggests  that  the  deposits  are  probably  Lower  Cretaceous. 

Two  fossils  brought  out  by  Mr.  George  Bamston,  of  the  Hudson's  Bay 
Company,  were  given  to  H.  G.  Hind^  while  he  was  in  Manitoba  in  1858-59. 
These  were  described  as  new  species  by  Mr.  F.  B.  Meek,  palaeontologist  of  the 
service  for  the  exploration  of  the  United  States  Territories.  Their  exact  age, 
however,  also  the  exact  locality  from  which  they  were  obtained,  remain 
indefinite : 

"  The  two  ammonites  from  Mackenzie  river  are  not  alone  sufficient  to 
determine  the  age  of  the  rock  from  which  they  were  obtained;  the  larger  one 
bears  considerable  resemblance  in  form  and  general  appearance  to  several 
Jurassic  species,  though  they  may  belong  to  the  Cretaceous  epoch.*' 

1  Kindle.  E3.  M..  Oeol.  Surv.,  Can.,  Sum.  Rept.,  1920.  pt  B,  p.  46. 
« *'Pranklln*8  Second  Expedition  to  the  Shores  of  the  Polar  Sea,  1825-27.** 
« "Asslniboine   and   Saskatchewan   Exploringr  Expedition,"   report   by  H.   Y.   Hind. 
Chap.  XIX,  1859. 
45497—6 
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Fossils  collected  by  Charles  Camsell^  on  Peel  river,  which  flows  through 
the  western  part  of  the  Cretaceous  basin,  were  examined  by  Whiteaves,  who 
made  no  definite  determinations,  as  they  were  mainly  new  forms,  but  listed 
them  as  possibly  belonging  to  the  following  genera— Pan opoea,  Thracia^  Teh 
Una,  Inoceramus,  and  two  species  of  Desmoceras  nearly  related  to  those 
described  from  Peace,  Loon,  and  Liard  rivers.  The  formations  on  Peel  river 
from  which  these  foeeils  were  obtained  are  no  doubt  the  Loon  River  shales.  In 
discussing  the  age  of  these  and  the  overlying  Athabaeka  sandstones,  F.  H. 
McLeam^  remarks:  ''Both  this  formation  and  the  Loon  river  have  a  common 
fauna,  and  this  is  now  beings  studied.  The  affinities  of  this  fauna  are  Lower 
Cretaceous  (Albian  and  Aptian  rather  than  Neocomian)  and  pre-Bakota, 
taking  Cenomanian  as  the  base  of  the  Upper  Cretaceoue.** 

The  Cretaceous  measures  which  now  remain  do  not  appear  to  be  thick,  and 
from  the  localities  cited  above  they  appear  to  be  generally  Lower  Cretaceous. 
It  is  possible  that  later  measures  exist  in  the  syncline  at  the  mouth  of  Mac- 
kenzie river.  Deposits  of  Colorado  age — ^the  lower  part  of  the  Upper  Creta- 
ceous-'-may  be  represented  by  Inoceramus  beds  of  the  upper  measures  noted 
by  McConnell  on  Porcupine  river,  on  the  Mackenzie  above  Norman,  and  by 
Camsell  on  mount  Goodenough  west  of  the  delta.  One  loose  specimen  of  a 
Scaphite  picked  up  above  Norman  this  season  by  a  member  of  the  topogra- 
phical survey  party  headed  by  Mr.  Bowman,  seems  to  confirm  the  presence  of 
Benton  shales. 

Later  deposits  appear  to  be  all  coarser  sediments,  judging  by  the  presence 
of  such  formations  as  the  Dunvegan  sandstone  of  Peace  river  in  the  section 
south  of  Liard  river.  These  in  many  places  are  distinctly  land  d^K>sits,  but 
the  absence  of  fossils  in  the  sands  that  cap  the  Mount  Ooodenough  section 
leaves  the  question  there  not  decided.  The  description  of  the  Ooodenough 
section  and  of  that  on  Porcupine  river  leaves  the  impression,  however,  that 
they  are  shore  deposits. 

Land  deposits  in  the  south,  and  shore  deposits  in  the  west  indicate  a  great 
contraction  in  the  marine  area  at  the  close  of  the  Colorado;  that  is,  the 
inauguration  of  the  general  uplift  which  expelled  the  Cretaceous  sea  can  be 
located  with  some  probability  at  this  period  for  the  area  which  lies  north  of 
the  boundary  of  Alberta.  An  area  of  erosion  resulted  to  which  reference  will 
be  made  in  the  discussion  of  the  physiographic  details. 

It  is  generally  supposed  that  the  debris  deposited  in  the  sea  during  Cre- 
taceous time  was  derived  from  a  long,  narrow  land  area  now  represented  by 
the  central  part  of  the  Cordilleras.  The  eastern  shore  of  the  Cretaceous  sea 
which  moved  northward  and  eastward  over  the  Palaeozoic  floor  and  reached 
beyond  the  existing  stratified  rocks,  would  probably  receive  reasserted  material 
derived  from  the  denudation  of  the  land  in  that  direction.  This  material 
would,  however,  be  in  small  amount  east  of  the  Palaeozoic  beds,  for  the  Pre- 
cambrian  area  in  that  direction  had  been  already  cleaned  by  long  exposure 
and  there  appear  to  have  been  no  great  disturbances  to  elevate  it.  There  is 
little  of  this  material  in  the  edge  of  the  present  Cretaceous  terrace.  In  the 
vicinity  of  Great  Bear  lake  and  on  Mackenzie  river  the  deposits  have  vsharac- 
teristics  which  suggest  that  they  originated  from  the  underlying  sandstones 
and  shales  or  from  beds  that  outcropped  during  the  advance  of  the  shore-line. 
Other  deposits — especially  those  reported  on  Great  Bear  lake — seem  to  be  of 
material  derived  from  a  land  area  consisting  of  harder  and  more  siliceous 
materials. 

1  G«ol.  Surv..  Can.,  Ann.  Rept.,  vol.  XVI,  pt.  CC,  p.  48. 
2Q«ol.  Surv.,  Can.,  Sum.  Kept.,  1917,  pt,  C,  p.  16. 
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Judging  by  the  description  of  the  deposits  west  of  the  mouth  of  Mackenzie 
river  the  material  brought  to  the  sea  was  thickest  in  that  direction.  Hence, 
with  the  shallowing  of  the  sea  in  the  east  by  continental  uplift^  the  upward 
moTcment  in  the  west  under  the  greater  load  may  have  been  retarded;  or  the 
remoyal  of  the  thinner  shore  deposits  of  the  east  may  have  commenced  while 
the  deposition  of  the  upper  sands  continued  to  the  west-  With  the  meagre 
fossil  evidence  at  hand  we  can  only  assume  that  the  denudation  of  the  north- 
eastern edge  of  the  Cretaceous  deposits  commenced  before  the  Colorado  period. 
This  would  allow  of  continuous  erosion  of  this  northern  part  following  its 
elevation. 

The  topography  previous  to  the  formation  of  the  mountains  and  the  depo- 
sition of  the  Tertiary  beds  can  only  be  inferred.  On  Wind  river  the  Cretaceous 
rocks  were  eroded  to  the  Devonian,  and  eastward  to  the  Ramparts  a  mass  of 
Cretaceous  was  probably  preserved  in  a  shallow  synclinal  trough.  Southward 
the  present  configuration  of  the  Bocky  mountains  and  the  far  extended  anti- 
clinal ridges  suggest  that  no  great  load  of  loosely  assembled  Oretaceoue  material 
lay  on  the  hardened  Palseoaoic  beds. 

TSRTURY 

The  Tertiary  beds  overlying  the  Cretaceous  at  Norman,  distinguished  by 
containing  burning  beds  of  lignite,  are  undisturbed  by  the  forces  which  ele- 
vated the  steep  anticlinal  ridges  in  the  older  formations  of  the  vicinity.  They 
are  slightly  tilted,  but  abut  directly  against  the  broken  and  elevated  eastern 
end  of  Bear  rock.  They  contain  a  fossil  flora  that  has  been  assigned  by 
European  writers  to  the  Miocene.  Sir  Wm.  Dawson,  after  describing  the 
flora  of  the  freshwater  deposits  which  lie  conformably  above  the  Cretaceous  of 
Alberta  and  Saskatchewan,  correlated  these  northern  beds  with  the  Laramie, 
that  is,  with  the  early  Eocene  of  Canada.  As  there  is  an  erosion  interval 
beneath  the  Norman  beds,  Dawson's  correlation  depends  entirely  on  the  plant 
remains.  The  similarity  of  floras  is  equally  marked  between  the  plants  of  the 
Norman  beds  and  those  of  the  Miocene  of  Greenland.  The  fact  that  the  foot- 
hills and  outer  mountain  ranges  of  Alberta  were  upthrust  in  late  Eocene  time 
also  indicates  a  Miocene  age,  at  least,  for  these  Norman  beds,  since  they  are 
undisturbed.  However,  Camsell  found  on  Wind  river,  west  of  the  Norman 
area  and  near  the  mountains,  that  similar  Tertiary  beds  are  there  deformed 
by  pressure.  In  physical  condition,  the  northern  beds  are,  therefore,  like  the 
Eocene  beds  farther  south,  slightly  tilted  at  a  distance  from  the  mountains 
and  more  folded  on  approaching  the  disturbed  zone  of  the  mountains.  The 
latest  mountain  building,  as  determined  by  evidence  in  Alberta,  was  at  the 
close  of  the  Eocene,  so  that  the  above  observations  on  the  physical  condition  of 
the  northern  Tertiaiy  deposits  imply  an  Eocene  age  and  corroborate  Sir  Wm. 
Dawson's  views. 

STRUCTURAL  GEOLOGY 

The  mountains  on  either  side  of  the  Mackenzie  vall^  bdow  Liard  river 
are  at  variance  in  some  respects  with  the  ranges  found  along  the  western 
border  of  Alberta.  The  rectilinear  ^Iberta  ranges  give  place  in  the  north  to 
a  rather  divergent  series  which  projects  farther  eastward,  ailmost  across  what 
has  been  called  the  Rocky  Mountain  geosyncline.  The  Alberta  mountains  are 
formed  from  the  fractured  and  folded  extra-thick  beds  of  the  western  part  of 
this  geosyncline.  The  northern  mountains,  on  the  other  hand,  are  formed 
from  much  thinner  deposits  that  overlie  the  Precambrian;  and  they  present 
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phen(»nena  which  suggest  that  in  their  formation  a  oomparatively  thin  sheet 
of  the  stratified  crust  was  crumpled  hy  compressive  strain.  The  northern 
mountains,  particularly  those  near  the  outer  eastern  margin,  appear  to  have 
been  eleyated  before  the  Tertiary  beds  at  Norman  were  deposited.  Accepting 
Sir  William  DawBon's  opinion  that  these  beds  are  Eocene,  and  oonsidering 
the  apparent  deformation  of  the  Cretaceous,  it  would  seem  that  the  northern 
mountains  were  formed  early  in  the  period  of  crustal  compression  which  was 
inaugurated  towards  the  close  of  the  Cretaceous.  They,  therefore,  antedate 
the  outer  ranges  of  Alberta  which  were  formed  at  the  close  of  the  Eocene. 

As  mountain  building  inyolves  movements  of  wide  extent,  these  two  moun- 
tain-building operations  no  doubt  each  effected  the  mountain  structure  of  both 
regions.  The  effect  of  the  early  Eocene  or  late  Cretaceous  movement  in  the 
north  is  shown  in  the  ridges  near  Norman,  the  main  ranges  of  the  Mackenzie 
mountains,  and  in  the  formation  of  the  basins  holding  Tertiary  heda  in  the 
Yukon  plateau  to  the  west    The  effect  of  the  post-Eocene  movements  is  shown 


Fi^re  2.     Sketch  map  of  the  Eastern  belt  of  the  Canadian  Cordilleras,  showing: 
(a)  area  of  uplift,  normal  faulting,  and  trenchinfir,  in  oblique  line  shading ; 
ih)  area  of  compression  and  overthrust  during  late  Cretaceous  time,  in 
broken  lines;   (c)  area  of  compression  and  overthrust  during  late  Eocene 
tlme^  in  dotted  lines. 

in  the  overthrusts  of  the  outer  Rocky  mountains,  in  tilting  of  the  Tertiaiy 
beds  at  Norman,  and  in  folding  of  the  Tertiary  beds  of  Wind  River  plateau 
to  the*  west     The  order  of  formation  within  the  two  groups  of  mountains 
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seems  to  have  been  opposite  in  direction.  The  Eocky  mountains,  originating 
in  a  series  of  large  fault  blocks  followed  by  the  formation  of  overthrust  fault 
blocks  that  formed  mountain  ridges  to  the  east,  show  a  progression  from  west 
to  east.  Mackenzie  mountains,  with  which  may  be  grouped  Franklin  moun- 
tains, originating  with  crustal  movements  and  folds  followed  by  the  regu- 
lar Rocky  Mountain  type  of  thrust  fault  blocks,  show  progressive  development 
from  east  to  west  (Figure  2).  The  sediments  in  the  Rocky  Mountain  geosyn- 
cline,  as  exposed  in  the  several  ranges,  are  much  thicker  than  corresponding 
beds  in  the  plains  to  the  east  This  greater  thickness,  and  the  coarse  composi- 
tion of  these  sediments,  indicate  a  western  derivation. 

During  the  l<Mig  period  from  the  earliest  Cambrian  and  to  the  close  of  the 
Carboniferous,  there  was  steady  erosion  of  a  western  land  area,  but  there  is 
little  evidence  in  this  time  of  mountain  building.  The  great  mass  of  sedimen- 
tary material  laid  down  in  the  sea  shows  merely  a  gradual  expansion  and  con- 
traction of  this  sea,  from  a  maximum — ^probably  in  Silurian  time — to  a  mini- 
mum at  the  close  of  the  Carboniferous. 

Strains  then  followed  which  were  continental  in  extent  and  caused  an 
elevation  of  ^e  western  i>art  of  the  continent  which  reached  a  maximum  at 
the  close  of  the  Paleozoic  era,  and  may  have  been  general  enough  to  disclose 
the  unequal  loading  of  this  ancient  sea-bottom.  The  normal  faulting  found 
in  the  Selkirks  end  even  eastward  may  have  commenced  at  an  early  date, 
although  Jurassic  baiholithic  intrusions^  of  the  Pacific  coast  and  southern 
interior  of  British  Columbia  represent  the  period  of  adjustment. 

There  are  indications  in  the  Cretaceous  deposits  of  revived  denudation  of 
the  land  area  to  the  west,  and  of  a  depression  of  the  central  part  of  the  conti- 
nent, to  allow  of  the  invasion  of  the  Cretaceous  sea  which  reached  a  maximum 
for  the  southern  interior  of  the  continent  during  the  Colorado  period.  Very 
coarse  conglomerates  appear  along  the  western  margin,  covering  the  marine 
Jurassic  beds  and  in  greater  amount  the  land  deposits  of  the  early  Cretaceous. 
These  conglomerates  in  turn  in  the  vicinity  of  Coleman  are  overlain  by 
erupted  material,  probably  the  best  evidence  in  the  Cretaceous  of  a  nearby 
elevated  land  area  and  of  probable  differential  movements  of  the  land  con- 
current with  the  sinking  of  the  eastern  area  beneath  the  Cretaceous  sea.  The 
first  marks  changes  in  elevation  at  the  close  of  the  Jurassic  which  affected  the 
land  areas;  the  second  the  inauguration  of  a  greater  subsidence  occupied  by 
the  sea  during  late  Cretaceous  time. 

The  fault  blocks  forming  what  may  be  described  as  the  British  Columbia 
portion  of  the  Rocky  mountains  are  separated  by  fractures  of  generally  high 
dip.  The  various  elevations  of  the  mountains  during  Cretaceous  time  can, 
therefore,  be  attributed  not  so  much  to  lateral  pressures  as  to  the  deeper-seated 
forces. which  caused  the  elevation  of  the  land  mass  of  the  central  part  of  the 
Cordillera  and  the  sinking  of  the  eastern  geosyncline.  These  blocks  have  been 
so  greatly  eroded  that  their  elevation  must  antedate  by  a  long  period  the  frac- 
turing which  produced  the  slip  planes  for  the  series  of  overthrust  blocks  which 
form  the  eastern  Rocky  mountains. 

There  seem  to  be  two  physical  causes  for  these  mountain  areas,  an  etfrlier 
one  of  isostatic  adjustment  just  mentioned,  and  a  later  one  of  crustal  com- 
pression. Certain  foldings  observed  in  these  early  fault  blocks  that  are  not 
involved  in  later  faultings  of  the  overthrust  type  are  certainly  due  to  com- 
pression. The  probable  re-elevation  of  the  eastern  series  of  blocks  relative  to 
those  to  the  west  seems  also  to  have  been  due  to  compression.  This  re-elevation 
of  the  marginal  blocks    established    structural    lateral    channels    and  greatly 

iSchofleld,  S.  J.,  "Origin  of  Purcell  Trench,"  Trans.  R.S.C.,  vol  XIII.  8rd  series. 
See.  Iv,  p.  28. 
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changed  the  lines  of  drainage.^  The  valleys  so  formed  and  sculptured  are 
older  looking  than  the  denuded  channels  that  were  cut  tiurough  mountains 
formed  during  the  jearly  Miocene  period  of  fitress.  The  reviyed  drainage  into 
the  Mid-Cretaceous  sea  may  date  from  a  period  of  pressure  which  caused  the 
changes  in  the  eastern  margin  of  the  Cretaceous  sea  (Figure  8),  and  the  change 
in  the  sediments  noted  above.  The  later  Cretaceous  aediments  indicate  a 
nearby  erosion  area.  The  early  Cretaceous  that  is  preserved  in  the  outer 
mountains,  though  a  land  deposit,  is  only  occasionally  of  coarse  material  and 
represents  the  erosion  products  from  land  elevated  during  the  dose  of  the 
Jurassic.    Marine  beds  to  the  eaet  and  north  are  finer  sediments. 

The  Mid-Cretaceous  disturbance  is  marked,  as  noted  elsewhere,  by  heavy 
beds  of  conglomerate  covering  the  early  Cretaceous  near  the  mountains.  The 
retreat  of  the  Cretaceous  eea  is  marked  by  changes  in  sedimentation  that  show 


Figure  8.  Sketch  map  showlnff  northern  uplift  In  western  Canada  during  lata 
Cretaceous  time.  The  stippled  part  with  broken-line  boundaries  represenU 
the  area  submerged  during  the  advance  of  the  sea  in  Iiower  Cretaceous 
time,  the  unstippled  parts  representing  islands.  The  two  solid-line 
boundaries  define  areas  of  marine  retreat  during  Upper  Cretaceous  time. 

an  irregularity  in  the  movement  and  no  doubt  indicate  minor  periods  of  stress 
and  probably  some  deformation  as  well  It  is  probable  that  most  of  the  material 
which  reached  the  Cretaceous  sea  in  its  later  stages  was  removed  from  the 

1  Schofleld,  8.  J.,  "Rocky  MounUin  Trench/*  Trans.  R.  8.  C.  vol.  XIV.  Srd  series. 
Sec  IV.  p.  68. 
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immediate  front  of  the  mountaine,  and  the  large  amount  of  this  material  eug- 
gestB  that  former  shore  deposits  were  being  redistributed  from  a  rapidly  rising 
land  surface. 

The  Eocene  deposits  indicate  no  great  disturbance.  The  general  Eocene 
uprise  is  shown  by  the  activity  of  the  rivers  in  bringing  material  eastward 
from  the  fractured  and  elevated  tributary  land.  This  is  marked  by  abundant 
crossbedding  in  the  great  sand  deposits  that  were  laid  down  in  thick  beds.  The 
close  of  the  Eocene  ie  generally  credited  with  the  maximum  uprise  and  sur- 
face displacement,  the  inauguration  of  volcanic  outflows  marked  prominently 
in  maps  of  southern  British  Columbia,  overthrusting  at  the  edge  of  the  pre- 
existing mountains,  the  formation  of  new  mountains  in  the  fractured  zone, 
and  the  deformation  of  the  Eocene  beds  along  with  the  underlying  formations. 

The  deposition  of  coarse  sediments,  mainly  conglomerates,  on  the  plain  far 
to  the  east  of  the  mountains,  is  attributed  to  the  denudation  of  the  newly 
risen  mountains.  The  summit  of  Cypress  hills  exhibits  this  material.  Verte- 
brate remains  discovered  in  the  debris  point  to  the  age  as  Oligocene.  The  last 
mountain  building  is  thus  placed  at  the  close  of  the  Eocene  and,  probably,  was 
contemporaneous  with  the  period  of  vulcanism  in  British  Columbia,  which  is 
placed  in  early  Miocene  time. 

NORTHERN  RANGES 

North  of  the  sixtieth  parallel  the  mountain  ranges  do  not  lie  along  the 
western  edge  of  the  great  geosyncline,  as  in  Alberta,  but  cross  the  geoeyncline 
northward  to  near  its  eastern  edge.  The  sediments  are  greatly  reduced  in 
thickness  as  compared  with  those  in  the  south.  There  wits  a  lessening  in  the 
amount  of  sedimentation,  and  a  total  lack  of  it  from  Carboniferous  to  early 
Cretaceous  time.  Denudation  probably  lasted  from  Carboniferous  to  Cre- 
taceous time  (Figure  2).  Cretaceous  sedimentation  was  also  limited  to  the 
early  part  of  ihe  period.  The  foundation  material  for  the  formation  of  these 
northern  mountains  seems,  therefore,  to  be  quite  different  from  that  in  the  area 
of  normal  faulting  in  Alberta. 

A  great  part  of  the  northern  mountain  structure  seems  to  be  limited  in  time 
to  the  periods  of  compressive  strain  in  the  ranges  to  the  west  and  in  Alberta. 
In  Yukon  granitic  batholithic  intrusions  are  found  in  the  western  part  of 
Mackenzie  mountains  and  are  tentatively  held  to  be  of  Cretaceous  age.  They 
are  intimately  associated  with  the  earlier  intrusions  of  the  Coast  range,  but 
although  very  similar,  lithologically,  they  were  apparently  intruded  somewhat 
later.  During  the  period  of  subsidence  marked  by  the  spread  of  the  early 
Cretaceous  sea  over  this  part  of  the  continent  there  was  little  other  disturb- 
ance. The  elevation  of  a  large  area  in  the  north  over  which  there  seems  to 
have  been  little  deposition  of  Upper  Cretaceous  sediments,  may  have  been 
accompanied  by  some  folding  and  intrusion.  D.  D.  Caimes  found  evi- 
dence of  the  intrusion  of  the  Laberge  series  by  the  granite  in  Atlin^  and  White 
River  districts,'  which  indicates  some  of  the  intrusion  to  be  post-Lower  Cre- 
taceous. Evidence  of  the  deformation  of  the  Cretaceous  before  Tertiary  time 
is  contained  in  the  following  quotation:' 

"  During  early  Tertiary  time  freshwater  sediments  were  deposited  through- 
out considerable  portions  of  Yukon  and  Alaska.  These  beds  were  apparently, 
for  the  greater  imrt  at  least,  deposited  in  isolated  hasins,  and  now  consist 
mainly  of  friable,  partly  consolidated  sandstones,  shales,  and  clays,  which  in 
places  contain  seams  of  lignite.    In  Upper  White  River   district  these  beds, 

iGeoL  Surv.,  Can.,  Mem.  S7,  p.  69. 

2  QeoL  Surv.,  Can.,  Mem.  50,  p.  95. 

•  Caimes,  D.  D.,  OeoL  Surv.,  Can.,  Mem.  50,  p.  115. 


Digitized  by 


Google 


88b 

which  are  considered  to  belong  to  the  Kenai  series,  have  only  a  filight  develop- 
ment but  occur  through  three  small  areas.  They  are  nearly  flat-lying 
wherever  exposed,  and  are  thus  contrasted  with  the  Mesozoic  sediments  whidb 
are  extensively  and  in  places  even  minutely  deformed,  closed  folding  being 
characteristic  of  the  structure  in  many  localities." 

Apparently,  therefore,  the  country  west  of  the  Mackenzie  was  deformed 
and  invaded  by  granite  between  early  Cretaceous  and  Eocene  times.  The 
mountains  between  Mackenzie  and  Yukon  rivers  may  have  been  outlined  at 
this  early  period,  and  the  early  Miocene  disturbances  may  have  been  confined 
mainly  to  the  uplift  of  the  Yukon  plateau,  minor  changes  in  elevation  of  the 
mountains,  and  to  a  mild  deformation  of  the  Tertiary  beds. 

The  early  Miocene  disturbances,  because  of  their  magnitude,  would  be  the 
first  to  be  credited  with  mountain  building  in  the  north  were  it  not  that  dis- 
turbed Eocene  beds  lie  against  folded  Palseozoic  rocks  at  Norman  and  against 
Mesozoic  beds  on  White  river  in  Yukon.  A  pre-Cretaceoue  age  can  not  be 
assumed  for  the  mountains  unless  great  unconformities  can  be  found  beneath 
the  Cretaceous  at  more  favourable  places  than  at  this  distant  point.  In  the 
Rocky  mountains  the  Kootenay  formation  lies  conformably  above  the  Jurassic 
at  the  top  of  a  complete  section.  On  lower  Athabaska  river  slight  undulations 
in  the  Devonian  overlain  by  the  Cretaceous  may  be,  and  probably  are,  the 
result  of  later  strains.  Finally,  in  Mackenzie  valley  the  Cretaceous  measures 
appear  to  be  conformable  with  the  underlying  Palaeozoic  rocks  and  are  folded 
with  them.^  Mr.  Link,  of  the  Imperial  Oil  Company,  informed  the  writer  that 
on  Little  Bear  river,  west  of  one  of  the  pitching  anticlines,  the  Cretaceous 
conforms  with  the  anticlinal  structure;  also,  that  west  of  Franklin  range  and 
Mackenzie  river  tlie  prevailing  dip  in  the  Cretaceous  is  to  the  west  away  from 
the  range.  The  eastern  ranges  were  largely  constructed  between  the  period  of 
uprise  in  the  late  Cretaceous  time  and  the  deposition  of  the  Eocene  sediments. 
Little  is  known  of  the  earlier  mountain  "structure  which  lies  to  the  west. 
Older  mountains  or  land  areas  no  doubt  existed,  as  in  the  south,  but  probably 
did  not  attain  -as  great  elevation;  nor  were  they  of  the  same  block  formation. 
Keele's^  description  of  Mackenzie  mountains  contains  the  following  sunomary: 
"The  topography  of  the  western  portion  bears  evidence  of  long-continued 
differential  erosion  while  the  eastern  portion  has  the  appearance  of  being  in  a 
more  youthful  topographic  stage.  Both  in  geology  and  structure  the  eastern 
portion  of  these  mountains  is  closely  related  to  the  Rocky  mountains  in 
southern  Canada." 

LATE  CRETACEOUS   SEDIMENTATION  AND  DENUDATION 

The  Cretaceous  rocks  on  Peel  river  are  predominantly  sandy.  A  section 
measured  by  Camsell'  near  the  mouth  of  Mackenzie  river  shows  the  lower  shale 
series  capped  by  a  thick  sandy  formation  which  represents  the  later  Cretaceous 
deposits.  Whether  this  was  deposited  in  the  sea  or  is  a  delta  deposit  can  only 
be  inferred.  Its  proximity  to  the  present  coast  suggests  marine  deposition. 
It  was  evidently  derived  from  a  nearby  land  area.  As  there  are  other  evidences 
of  an  uplift  in  the  north  dating  from  the  middle  of  the  Colorado  period  the 
land  area  no  doubt  formed  a  broad  band  in  front  of  the  older  mountains,  over 
which  the  debris  from  the  mountain  area  was  spread.  The  maximum  uplift 
was  probably  within  the  area  denoted  on  geological  maps  by  the  absence  of 
Cretaceous  deposits,  that  is  west  of  Great  Slave  and  Great  Bear  Lake  basins. 
An  ancient  land  area  was  thus  formed  between  the  southern  Cretaceous  sea 
and  Arctic  waters.     The  shore  deposits  of  the  sea  which  retreated  south  have 

1  See  Plate  VI. 

sOeol.  Stirv.,  Can..  Pub.  No.  1097.  p.  18. 
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been  largely  removed  except  along  its  western  eliore-line,  represented  by  the 
broken  areas  of  tbe  foothills.  There  are  some  masses  of  coarse  sediments, 
however,  which  may  have  been  derived  from  the  land  barrier  to  the  west 
(Figure  8).  The  Dunvegan  sandstone,  the  Wapti  formation,  and  the  Edmon- 
ton formaticm,  all  of  which  decrease  in  thickness  to  the  southeast,  are  examples 
of  the  Cretaceous  sand  formations,  which  in  their  southern  extension  lose  this 
character. 

Pre-Tertiary  denudation  of  the  Cretaceous  measures  in  the  northern  basin 
may  have  been  complete  in  certain  elevated  parts,  for  examples  in  Wind  River 
basin  where  the  Tertiary  rests  directly  on  upturned  Devonian  beds,^  or  on  the 
northward  slope  and  near  the  crest  of  the  Cretaceous  land  barrier,  where  the 
continued  removal  of  material  may  have  reached  down  to  Devonian  beds.  In 
lees  elevated  areas,  the  measures  covering  the  PalsBozoic  floor  include  beds 
which  seem  to  have  been  deposited  before  the  uplift  These  are  the  marine 
shales  above  Norman  containing  Inoceramus  and  Scaphites  and  supposed  to 
be  of  Colorado  age. 

Continued  uplift  expelled  the  Cretaceous  eea  from  the  present  continent, 
after  which  followed  a  period  of  tranquillity  through  Eocene  time.  Mountain 
building  which  did  not  deform  the  Eocene  deposits  but  is  recorded  in  folding 
and  tilting  of  the  Cretaceous  muet,  therefore,  have  taken  place  during  the 
period  in  which  the  land  areas  assumed  their  present  extent,  i.e.,  the  close  of 
the  Cretaceous  period. 

This  late  Cretaceous  activity  is  not  registered  along  the  Alberta  ranges, 
although  fractures  with  low  horizontal  dip  may  have  been  formed  and  masked 
beneath  the  incompetent  mass  of  Cretaceous  sediments,  which  were  largely  of 
continental  formation.  Surface  movement  probably  spent  itself  in  overthrust- 
ing  and  in  the  elevation  of  this  unconsolidated  mass.  Northward  the  condi- 
tions were  changed  by  the  introduction  of  granitic  intrusions  in  the  area  to 
the  west,  the  denudation  of  a  large  part  of  the  crustal  load,  and  by  the  pre- 
sence near  the  surface  of  competent  beds  to  transmit  compressional  stresses. 
The  strains  of  this  period  were  thus  locally  greater  and  were  transmitted  much 
farther  eastward  than  in  Alberta.  The  character  and  extent  of  the  resultant 
folding  suggests  that  the  plane  of  sliding  was  not  a  deep  one.  The  margin  of 
the  disturbed  belt  north  of  Liard  river  includes  a  triangular  area  bordered  by 
ridges  or  folds.  The  east  side  bears  nearly  north  to  beyond  (Jreat  Bear  river. 
The  north  side  extends  in  a  s-light  northward  curve,  from  a  plateau  remnant 
of  Cretaceous  at  the  mouth  of  Mackenzie  river  eastward  to  meet  the  line  of 
folding  that  forms  the  eastern  boundary.  The  western  side  of  the  triangle  con- 
sists mainly  of  folds  and  possibly  overthrusts  bowing  inwards,  each  succeeding 
westward  range  straightening  this  alignment  The  western  ranges  are  not 
yet  definitely  outlined  nor  is  their  history  known.  The  structure  outlined  by 
Keele^  exemplifies  the  prevailing  folding  of  Mackenzie  mountains. 

MOUNTAINS  EAST  OF  MACKENZIE  RIVER 

The  eastern  edge  of  the  area  affected  by  mountain  building  consists  of 
aeveral  close  folds  lying  en  echelon  and  forming  Franklin  mountains  (Plate 
VI).  The  structure  shows  the  effect  of  a  lateral  pressure  and  also  of  a  rela- 
tive northward  movement  of  the  cruet  on  the  west  side  of  these  mountains. 
This  line  of  movement  may  perhaps  be  compared  with  the  line  observable 
hetween  the  current  of  a  stream  and  the  backwater  caused  by  an  obstruction. 
In  this  case  the  area  east  of  the  line  of  movement  was  protected  behind  the 
Cretaceous  plateau.  The  movement  of  the  crust  was  through  the  gap  between 
the  Liard  plateau    and    the  Peel  plateau.     The  line    of    deformation  should, 

1  OeoL  Sury.,  Can.,  Ann.  Rept.,  1904,  p.  41  CC. 
SKeele,  J.,  QeoL  Surv.,  Can.,  Pub.  No.  1097. 
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therefore,  be  somewliat  arc-like,  but  as  the  direction  of  strain  appears  to  have 
been  from  the  south  for  the  first  part  of  the  movement,  a  different  alignment 
WQB  actually  produced.  The  most  northern  fold  bears  nearly  east  and  west, 
normal  to  the  direction  of  pressure.  The  eastern  folds  show  the  effect  of  a 
lateral  strain.  Following  the  elevation  of  the  ridges  along  the  east  side,  the 
resistance  offered  by  the  accumulating  weight  in  the  folds  deflected  the  zone 
of  stress  westward  and  developed  a  zone  of  shearing.  The  parting  of  the  crust 
along  the  western  side  of  this  shear  zone  allowed  further  nortliward  movement 
and  several  concentric  folds  were  formed  along  the  northern  edge,  ending 
abruptly  at  the  shear  zone.  The  succeeding  movements  produced  more 
extended  folds  which  appear  to  have  been  caused  by  pressure  from  the  south- 
west. These  form  the  western  edge  of  the  triangular  area  referred  to  already 
and  the  succeeding  movements  of  the  crust  produced  additional  steeper  folds 
lying  against  them  to  the  westward. 

NORMAN  PLAIN 

An  almost  level  plain  extends  between  the  general  mass  of  the  Mackenzie 
mountains  and  the  outer  edge  of  the  mountain-built  area  described  above.  It 
is  in  some  parts  about  30  miles  wide  and  is  presumably  underlain  by  rocks 
that  are  not  sharply  folded.  Bedrock  is  masked  by  vegetation — spruce,  wil- 
lows, and  moss.  Near  the  river  there  appears  to  be  ft  cover  of  drift  but  the 
higher  ground,  back  from  the  stream,  may  expose  some  of  the  hard  bedrock, 
which  is  probably  largely  Cretaceous,  although,  as  compression  of  the  beds  has 
produced  an  irregular  series  of  buckles,  occasional  exposures  of  the  Palffiozoic 
beds  may  be  expected. 

The  plain  seems  to  be  divided  into  two  parts  by  the  inferred  line  of  shear 
(Plate  VI). 

The  eastern  part,  which  contains  Mackenzie  river  in  its  course  above  Nor- 
man, is  probably  crossed  diagonally  by  several  buried  ridges  and  hollows  and 
is  depressed  in  the  vicinity  of  the  ends  of  the  ridges  normal  to  the  Franklin 
range.  The  southern  part  of  this  strip  is  narrow  and  may  be  merely  a  syncline 
between  the  mountain  ridgee  on  either  side  of  the  river.  West  of  the  shear 
zone  the  Norman  plain  shows  a  few  ridges  which  may  be  structural.  Near 
the  northern  border  the  dip  of  the  beds  into  the  basin  rapidly  flattens  and  it 
is  surmised  that  a  wide  area  is  available  for  prospecting  with  the  drill,  as  the 
basin  does  not  appear  to  be  deep. 

Determination  of  the  structure  will  depend  on  the  determination  of  the 
Cretaceous  section,  for  these  beds  probably  rest  almost  conformably  on  the 
pre-Cretaceous  formations.  A  determination  of  the  thickness  of  the  Cretaceous 
to  be  drilled  through  will,  therefore,  help  in  estimating  the  probable  depth  to 
the  oil  horizons  in  the  Devonian.  The  westward  extent  of  this  basin  as  an  oil 
field  is  not  determined.  Westward  of  the  end  of  the  ridges  bordering  the 
Mackenzie  on  the  north,  the  plain  seems  to  extend  far,  since  no  mountain 
chain  can  be  seen  from  the  river.  It  may  be,  however,  that  the  measures  dip 
beneath  an  added  thickness  of  Cretaceous,  as  they  do  on  the  Mackenzie  below 
the  Ramparts,  and  that  the  available  oil  field  is  restricted  in  that  direction  ta 
a  zone  bordering  the  mountains  to  the  south.  Mr.  Link  found  along  these 
mountains  the  upturned  beds  from  the  basin  as  on  the  north  side,  so  the  struc- 
ture of  the  plain  is  probably  that  of  a  flat  biasin  with  its  edge  upturned  on  two 
sides. 

Deep  depressions  such  as  would  be  possible  along  the  shear  zone  or  in  the 
centres  of  synclines  would  form  basins  for  the  collection  of  debris  during 
Eocene  denudation.  The  presence  of  Eocene  beds  should,  therefore,  indicate- 
areas  where  the  Middle  Devonian  beds  are  at  a  maximum  depth. 
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INTRODUCTION 

During  the  field  seaeon  of  1^1,  the  writer  continued  the  structural  and 
stratigraphic  mapping  of  the  Kootenay  coal-bearing  rocks  and  associated  for- 
mations on  the  eastern  slope  of  the  Eocky  mountains.  Up  to  1920  this  inves- 
tigation covered  the  territory  comprising  the  eastern  and  western  slopes  of  the 
Kocky  mountains  in  Alberta,  south  of  parallel  60**  SV  north  latitude.  From 
June  to  October,  1921»  mapping  was  carried  northward  into  Kananaskis  Lakes- 
Palliser  River  map-area,  special  attention  being  devoted  to  the  areas  in  which 
economic  deposits  of  coal  occur  or  are  likely  to  be  found.  Such  areas  are  the 
south  branch  of  Sheep  creek,  in  the  upper  6  miles  of  its  course;  the  valleys  of 
Mist  and  Storm  creeks  (the  headwaters  of  Highwood  river)  and  Pocaterra 
ore^,  flowing  to  Kananaskis  river. 

Very  efficient  assistance  was  rendered  in  the  field*  by  J.  Drybrough  and 
M.  L.  Urquhart. 

Sincere  thanks  are  also  tendered  to  Mr.  P.  Bums  and  the  officials  of  the 
P.  Bums  mine  for  the  many  courtesies  extended  during  the  season. 

The  area  explored  may  readily  be  reached  from  Okotoks,  on  the  Calgary- 
McLeod  branch  of  the  Canadian  Pacific  railway,  or  direct  from  Oalgary  by 
automobile.  A  good  wagon  road  is  available  from  Okotoks  to  the  P.  Bums 
coal  property  on  Sheep  creek,^  about  46  miles.  Automobiles  commonly  travel 
to  within  10  miles  of  the  mine,  the  remainder  of  the  distance  being  covered 
by  wagon.  From  the  P.  Bums  property  good  pack  trails  lead  to  the  various 
parts  of  the  area. 

GENERAL  GEOLOGY 

The  stratigraphic  column  consists  of  an  apparently  conformable  succes- 
sion of  rocks  ranging  from  Devono-Carboniferous  to  Upper  Cretaceous.  The 
rock  succession  and  lithological  and  structural  features  are  in  the  main  similar 
to  those  of  the  northern  part  of  the  Crowsnest  coal  field,  and  Highwood  Biver 
coal  area,  both  of  which  have  been  described  in  previous  summary  reports.* 

The  Kootenay  formation  carries  all  the  workable  coal  in  the  area  examined 
and  alone  is  described  in  detail  here: 

Tahle  of  Formations 

Pleistocene  and  Recent  Superficial  deposits 

Upper  Cretaceous  Allison  formation 

Benton  formation 

Blairmore  formation 
Lower  Cretaceous  Kootenay  formation 

Jurassic  Fernie  formation 

Trlasslo  Upper  Banff  formation 

Devono-Carbonlferous 

A  The  Geographic  Board  now  applies  the  name  Sheep  creek  to  the  branch  formevly 
known  as  the  South  branch. 

2  Geo!  Surv.,  Can.,  Sum.  Kept.,  1918,  pp.  18  C-16  C ;  1919,  pp.  14  C-20  C. 
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KOOTBKAT  FORMATION 


The  Kootenaj  formation  maintains  its  typical  aspect  across  l!he  area.  It 
is  characterized  by  crossbedded  grey  sandstones,  dark  shales,  and  intercalated 
coal  seams.  The  prominent  conglomerate  band,  at  the  top,  irhich  in  the  area 
to  the  south  separates  the  productive  Kootenay  measures  from  the  non-pro* 
ductive  Blairmore  formation  above,  is  present,  wherever  the  Kootenay  is  over- 
laid by  younger  formations.  As  in  the  adjacent  Highwood  River  area,  and 
the  Crowsnest  field  farther  south,  the  Kootenay  of  the  Kananaskis-Palliser  area 
contains  extensive  and  important  coal  deposits  not  too  far  distant  from  exist- 
ing railways.  The  measures  have  been  prospected  on  Pickl^ar  creek  at  the 
southern  border  of  Kananaskis  map-sheet;  and  on  Pocaterra  creek,  acroes  the 
divide  separating  the  HHghwood  and  Kananaskis  waters,  and  have  been  con- 
siderably developed  on  the  Burns  property,  Sheep  creek,  wh^e  the  most  exten- 
sive exposure  of  the  measures  may  be  seen.  This  exposure,  6  miles  from  the 
source  of  the  creek,  is  the  easternmost  band  of  the  area  and  forms  the  western 
slope  of  Highwood  range.  It  extends  south  across  Picklejar  creek  and  con- 
nectd  with  the  easternmost  band  of  Highwood  River  coal  area.  From  the 
Burns  mine  westward  across  the  Highwood  range,  the  Kootenay  formation  is 
four-fifths  of  a  mile  wide.  Northward  along  Sheep  creek  the  width  increases 
up  to  li  miles  on  the  north  side  of  Bums  creek,  beyond  which  the  band  is 
greatly  restricted  and  at  the  head  of  Sheep  creek  disappears  entirely,  where 
its  limestone  is  thrust  eastward  upon  Femie  shales. 

The  continuity  of  the  band  just  referred  to  is  worihy  of  note.  From  the 
Crowsnest  area  northward  across  the  Oldman-Highwood  River  divide  three 
main  bands  of  Kootenay  measures  are  exposed  almost  continuously.^  Two  of 
the  bands  cross  the  Highwood  area,  this  particular  band  being  the  easternmost. 
There  is,  therefore,  a  continuous  exposure  for  about  100  miles  from  Crowsnest 
pass  to  the  head  of  Sheep  creek. 

A  second  band  of  Kootenay  measures  outcrops  on  the  west  side  of  Mist 
Creek  valley.  North  of  the  head  of  Mist  creek  it  joins  the  band  from  P.  Bums 
mine.  Southward  it  continues  across  the  tops  of  the  ridges  on  the  west  side 
of  Mist  creek  to  the  junction  of  Storm  and  Mist  creeks,  where  it  unites  with 
a  band  from  Storm  creek  to  form  the  western  band  of  the  Highwood  area. 

The  band  on  Storm  creek  continues  across  the  divide  into  Pocaterra  credc 
where  it  forms  a  high  sandstone  ridge  along  the  western  side  of  the  cre^. 
About  5  miles  from  the  head  of  Pocaterra  this  band  crosses  the  creek  and  con- 
tinues northward  as  a  narrow  belt  between  two  limestone  ridges  which  appear 
to  unite  in  a  distance  of  10  miles. 

ECONOMIC  GEOLOGY 

Coal  is  the  only  mineral  of  economic  importance  in  the  district.  All  the 
workable  coal  is  contained  in  the  Kootenay  formation,  and  is  the  high  carbon 
bituminous  variety,  so  characteristic  of  the  eastern  slope  of  the  Rocky  moun- 
tains in  southern  Alberta.  There  are  no  working  mines  in  the  area ;  for  trans- 
portation facilities  are  limited  to  wagon  roads,  and  the  nearest  railway  is  45 
miles  distant  A  preliminary  survey  for  a  railway  has,  however,  been  made 
along  Sheep  creek  to  the  P.  Burns  mine,  and  a  right-of-way  has  been  cut 

Considerable  prospecting  has  been  done  over  the  band  of  Kootenay  rocks 
which  extends  from  the  head  of  Sheep  creek  along  the  western  slope  of  the 
Highwood  range  and  across  Picklejar  creek  to  connect  with  the  eastemnaost 
band  of  Kootenay  rocks  in  the  Highwood  River  area.     Coal  seams  have  also 

1  Qeol.  Surv.,  Can.,  Sum.  Rept,  1918,  p.  16  C. 
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been  opened  up  in  the  Kootenay  rocks  on  Pocaterra  cre^.  No  prospecting 
appears  to  have  been  done  along  the  western  side  of  Mist  creek,  nor  on  Storm 
creek,  on  both  of  which  are  numerous  showings  of  coal.  The  measures,  however, 
are  more  broken  by  faulting  and  more  intensely  folded  than  in  the  prospected 
areas  and  are,  therefore,  less  adapted  for  mining  on  a  large  scale. 

On  the  P.  Bums  property  coal  seams  have  been  uncovered  on  almost  all 
the  west  tributaries  of  Sheep  creek  in  the  upper  6  miles  of  its  course.  A 
tunnel  driven  for  2,250  feet  across  the  measures  cuts  twelve  or  fourteen  seams 
of  coal  ranging  in  width  from  a  few  inches  to  39  feet.  There  are  at  least  seven 
workable  seams,  the  first  of  which,  1,376  feet  from  the  tunnel  entrance,  is 
reported  to  be  39  feet  thick.  At  1,500  feet  from  the  portal  there  is  a  21-foot 
seam.  Neither  of  these  seams  could  be  conveniently,  sampled.  Both  dip  75 
to  80  degrees  west  and  the  coal  where  the  absence  of  timbering  permitted  a 
view  wae  considerably  crushed  and  broken. 

At  2,200  feet  from  the  entry  a  seam  12  feet  wide  was  crossed.  In  it  the 
coal  is  of  the  lump  variety  and  considerably  harder  than  the  coal  in  the  first 
two  seams.  There  are  8  feet  of  clear  coal  and  the  remaining  4  feet  contain 
two  bands  of  shale,  1  inch  and  2  inches  in  thicknees.  These,  however,  can 
readily  be  separated  from  the  coal.  A  selected  sample  was  taken  from  iAAs 
eeam,  also  a  channel  sample  across  the  entire  width,  but  both  bands  of  shale 
were  omitted.    Below  are  given  results  of  analyses  made  by  the  Mines  Branch. 

Analyses 


Proximate  analysis: 

Moisture % 

Ash % 

Volatile  matter % 

Fixed  carbon  (by  difference) % 

Ultimate  analysis: 

Sulphur % 

Calorific  value  in  B.T.U.  per  lb 


04 
13-9 
147 
71  0 

09 
13250 


1.  Selected  sample — forms  poor  coke. 

2.  Sample  across  seam— agglomerates. 

On  Sharp  creek,  the  first  creek  tributary  to  the  Sheep,  northwest  from  the 
main  tunnel,  a  number  of  shorter  tunnels  cut  the  same  seams  that  are  inter- 
sected in  the  main  tunnel.  Some  of  the  tunnels  still  afford  access  to  the  coal, 
of  which  there  are  at  least  70  feet  workable.  A  sample  from  one  of  thleee 
seams,  15  feet  in  width,  was  analysed  by  the  Mines  Branch,  Ottawa,  with  the 
following  result: 


Proximate  analysis:* 

Moisture % 

Ash % 

Volatfle  matter % 

Fixed  carbon  (by  differenco) % 

Ultimate  analysis: 

Sulphur % 

Calorific  value  in  B.T.U.  per  lb 


05 
15-4 
13-4 
707 

0-4 
12930 


To  correlate  any  of  the  seams  exposed  on  Sharp  creek  with  those  observed 
in  the  tunnel,  or  to  trace  the  continuity  of  seams  along  the  strike  of  the  for- 

t  Non*co1clng. 
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mation,  would  involve  much  more  time  than  is  available,  in  one  field  season. 
The  measures,  however,  were  traced  continuouely  from  the  head  of  Sheep 
creek  to  and  across  Picklejar  creek  into  the  Highwood  River  area.^  Along  the 
strike  between  the  P.  Bums  property  and  Picklejar  creek  good  indicatione  of 
coal  can  be  seen  at  many  points. 

A  traverse  up  Picklejar  creek  across  the  measures  proved  the  existence  of 
workable  seams  in  that  locality.  Two  seams  10  feet  and  7  feet  in  width 
respectively  were  observed.  A  eeam  about  50  feet  in  width  is  reported  on 
Picklejar  creek,  but  was  not  seen  by  the  writer. 

A  sample  of  ooal  from  the  9-foot  seam  on  the  slope  north  of  Pocaterra 
creek  was  analysed  by  the  Mines  Branch  «nd  arave: 


Proximate  analysia: 

Moisture % 

A«h % 

Volatile  matter % 

Fixed  carbon  (by  difference) 

Ultimate  analysis: 

Sulphur , % 

Calorific  value  in  B.T.U.  per  lb 


06 

60 

171 

76-3 

0-6 
14510 


Agglomerates 
•    Coal  crushed,  pulverulent  type 

The  exposures  on  Sheep  creek  offer  the  best  opportunities  for  mining  on 
a  large  scale.  The  structural  features,  judging  from  the  sections  available, 
are  less  complex  than  in  other  parts  of  the  area.  Folding  appears  to  be  thb 
main  factor  involved.  The  section  exposed  in  the  Bums  tunnel  shows  some 
eharp  folds  in  the  KJootenay,  and  these  may  involve  minor  faults,  but  this  can 
be  determined  only  as  development  progresses. 

The  faulting  characteristic  of  the  Kootenay  which  crosses  the  Highwood 
area  extends  into  that  formation  on  Picklejar  creek  and  renders  the  structure 
there  somewhat  more  complicated.  Faulting  and  intense  folding  are  factors 
to  be  considered  on  the  west  side  of  Mist  creek  and  on  Storm  creek.  On  Poca- 
terra creek  the  outcrop  of  the  Kootenay  is  greatly  restricted  by  faulting,  and 
the  rocke  are  intensely  folded. 

There  are,  without  doubt,  extensive  reserves  of  high  carbon  bituminous 
coal  within  the  area  examined,  and  it  is  reasonable  to  expect  that  with  more 
intense  prospecting  and  ae  development  progresses,  more  and  even  better  coal 
seams  may  be  uncovered. 

Mining  methods  adopted  in  other  coal  fields  of  the  Rocky  mountains  will 
apply  in  this  area  and  the  deposits  are  so  situated  that  railway  communication 
may  be  provided  with  little  difficulty. 


iGeol.  Surv.,  Can.,  Sum.  Rept.,  1919,  pp.  14  C-20  C. 
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Plate  i 


B.  Soft    crumbling    Cretaceous    shales.     Near     head     of     small     creek,     southeast     end     Horn 

mountains.      (Page  54.) 
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Plate  II 


B.   Submarine  unconformity  between   beds  of  the   Spirt fer  ichitneyi  zone  and   the    Cryptonella 
zone  near  lower  edge  of  picture.     One   mile  above  Third    falls,   Trout  river.      (Page   53.) 
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Plate  III 


A.  Thrust  fault  of  unknown  throw  exi>osed  on  the  north  slope  of  Nahanni  peak.      (Page  70.) 


B.  Contact  between  heavy  Middle  Devonian  limestones  and  I^pper  Devonian  shales  al)out  50 
miles  up  North  Nahanni  river.  The  shale  in  left  of  picture  is  the  same  as  the  nhale 
which  occurs  above  the  limestone  cliff  on  right  of  picture,  the  limestone  having  a  dip  to 
the  left.      (Page  70.) 
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Plate  IV 


B.  Folded  rocks  on  the  west  side  of  North  Nahanni  river  about  40  miles  from  the  Mackenzie. 
The  height  to  the  top  of  the  steeply  tilted  part  is   1.000  feet  above  the  valley  bottom. 
The   strata   on   the   top   dip   away   from    the   face   shown    In   the   picture.     Faultlnff   has 
accomplished  the  folding  at  various  places.      (Page  75.) 
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Plate  VI 


Relief  model  showing  approximately  the  positions  of  the  mountain  ranges  near  Norman. 

(page  90.) 
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INTRODUCTION 

Rice  Lake  area  of  Manitoba  has  been  known  for  years  to  contain  deposits  of  native 
gold,  but  although  many  companies  of  various  capitalization  have  been  formed  to 
exploit  them,  and  have  advertised  the  merits  of  their  respective  enterprises  there  are 
as  yet  with  one  small  exception  no  producing  mines  in  the  district 

Bodies  of  copper-nickel  ore  were  found  in  Oiseau  (or  Bird)  River  area  in  the 
summer  of  1920.  Although  prospecting  could  not  have  been  far  advanced  by  the 
winter  of  that  year,  reports  as  to  the  immense  eize  and  value  of  the  new  ore-bodies 
were  already  being  circulated. 

Accordingly,  the  writer  was  instructed  to  examine  these  two  areas  in  as  detailed 
a  manner  as  time  would  permit,  to  obtain  first-hand  information  regarding  the  size 
and  probable  value  of  the  ore-bodies  opened  up,  and,  if  possible,  to  determine  the 
origin  of  the  ores,  for  the  future  guidance  of  prospectors  and  investors. 

About  a  month  was  spent  in  the  examination  of  Oiseau  River  area,  and  after- 
wards about  six  weeks  at  Rice  lake.  Leaving  Rice  Lake  area  by  Wanipigow  (or  Hole) 
river,  en  route  to  lake  Winnipeg,  a  brief  examination  was  made  of  ^e  gold  deposits 
at  Hay  lake  and  Beaver  river.  A  rapid  trip  was  then  made  up  Maskwa  (Bear)  river, 
to  compare  the  nickel  deposits  there  with  those  at  Oiseau  river,  and  also  to  examine 
some  newly  reported  discoveries. 

The  results  of  the  work  are  set  forth  fully  in  this  report,  which  is  accompanied 
by  large  scale  maps  of  Oiseau  River  and  Rice  Lake  areas  i^ustrating  l^e  salienit 
features  of  the  geology.  The  mapping,  however,  is  generalized  rather  than  detailed. 
In  Rice  Lake  area,  for  example,  the  part  coloured  on  the  map  as  Keewatin  (Rice 
Lake  series  or  schist-complex)  is  intersected,  in  reality,  by  numerous  dykes  of  later 
age.  No  attempt  was  made  to  map  them,  as  they  are  not  economically  imi>ortant 
and  the  time  available  for  field  work  was  limited.  It  was  possible  only  to  ascertain 
their  character  and  age  relationv. 
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The  writer  is  indebted  to  many  residents  of  Winnipeg  for  information  and 
assistance,  and  in  particular  to  the  owners  of  the  various  mineral  claims  and  to  the 
companies  which  are  exploiting  the  mineral  deposits.  The  writer  especially  wisihes  to- 
express  obligation  to  Mr.  Gordon  HacTavish,  of  Winnipeg,  for  useful  information 
and  introductions;  to  the  owners  and  managers  of  the  Devlin,  Gold  Pan,  Pan  Exten- 
sion, and  Gabrielle  mining  companies  for  aid  during  the  prosecution  of  the  field 
work;  and  to  Captain  Ennis,  for  valuable  assistance  in  the  Wanipigow  area. 

Location  and  Means  of  Access 

Oiseau  river, is  a  stream  100  to  150  feet  wide,  with  a  perceptible  current,  and  a 
course  somewhat  south  of  west.  Its  mouth  lies  at  the  east  end  of  lac  du  Bonnet,  an 
expansion  of  Winnipeg  river  about  25  miles  above  lake  Winnipeg.  About  18  miles 
above  lac  du  Bonnet  Oiseau  river  expands  to  form  Oiseau  lake,  a  beautiful  body  of 
water  3  or  4  miles  long  and  1  mile  wide.  The  nickel  discoveries  are  on  the  north 
side  of  the  river,  d>out  3  miles  below  Oiseau  lake,  in  sections  27  and  35,  range  15, 
township  17. 


Figure  1.     Index  map  showing  the  location  of  Rice  Lake  and  Oiseau  River  map- 
areas,   Manitoba. 

The  common  method  of  reaching  the  district  from  Winnipeg  is  by  the  Canadian 
Pacific  railway  to  Lac  du  Bonnet  village,  a  small  settlement  on  Winnipeg  river  6 
miles  above  lac  du  Bonnet.  Here  gasoline  launches  may  be  obtained  to  cover  the 
28  miles  between  the  village  and  the  first  rapids  on  Oiseau  river.  The  remainder 
of  the  route^  up  Oiseau  river,  must  be  travelled  by  canoe.  The  first  portage  is  more 
than  a  mile  long,  but  the  others,  five  in  number,  are  all  very  short;  the  whole  distance 
between  Lac  du  Bonnet  village  and  the  nickel  discoveries  may  be  easily  covered  in  a 
day,  travelling  light. 

Rice  Lake  district  lies  only  about  35  miles  slightly  west  of  north  from  Oiseau 
lake,  but  there  is  no  direct  route  between  the  two,  and  the  speediest  method  of  getting 
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from  one  place  to  the  other  is  via  Winiiipeg.  A  train  or  electric  railway  runs  to 
Selkirk,  and  the  Northern  Fi^  Company  run  a  steamer  as  far  as  Heola,  whence  a 
gasoline  launch  conveys  passengers  to  the  mouth  of  Manigotagan  river,  up  which  iSke 
canoe  route  to  Eice  lake  is  30  miles. 

For  winter  travel  a  road  has  been  cut  from  Fort  Alexander  directly  across 
country  to  Rice  lake. 

Previous  Work 

In  1912  a  general  survey  of  the  water  routes  of  the  whole  district  was  made  by 
£.  S.  Moore,  for  the  Geological  Survey,  together  with  a  hasty  examination  of  tlie 
elhore  geology.  Wanipigow,  Manigotagan,  and  Oiseau  rivers  were  surveyed.^  In 
1916  a  brief  examination  of  the  Hice  Lake  gold  discoveries  was  made  by  J.  A.  Dresser 
and  John  Marshall,  for  the  G^eological  Survey,^  and  in  1920  J.  S.  DeLury,  for  the 
Manitoban  government,  made  a  fairly  thorough  examination  of  the  same  area,  and 
published  a  detailed  account  of  the  gold  occurrences.^  In  the  autumn  of  1920  W.  S. 
McOann,  for  the  Geological  Survey,  examined  the  nickel  discoveries  up  the  Maskwa 
and  his  report*  contained  a  map  showing  the  outlines  of  the  nickel-bearing  intrusive, 
and  the  location  of  the  principal  discoveries. 

GENERAL  GEOLOGY 
General  Statement 
The  following  geological  column  for  the  district  was  established  by  E.  S.  Moore: 

r  Granite  and  erneiss 

I  Intrusive    oont<iot 

Precambrlan  -l  Wanlplgrow  series  Conglomerate,      arkose, 

I  greywacke,  etc. 

Probable    unconformity 
^Keewatin  Rice  Lake  series  Lavas  and  their  schists 

Moore's  results,  good  as  they  were,  were  limited  by  the  hasty  nature  of  his  explor- 
atory work,  which  confined  him  to  the  shore-lines.  Had  time  permitted  him  to  extend 
his  work  inland,  other  outcrops  would  have  been  discovered  that  would  undoubtedly 
have  altered  his  <K>nclufiion8  on  the  stratigraphy.  Later  workers,  such  as  Dresser, 
Marshall,  DeLury,  and  McCann  confined  their  attention  to  the  mineral  discoveries, 
and  accepted  Moore's  conclusions  as  to  t/he  geology  without  much  question. 

The  writer's  methods  of  work  were  the  antithesis  of  Moore's,  in  that  detailed 
examinations  were  made  of  small  areas,  which,  moreover,  were  particularly  suitaMe 
for  such  examination  by  reason  of  their  complex  geology  and  excellent  took  exposures. 
In  this  way  evidence  was  obtained  that  determines  more  compHetely  ibe  Precambrian 
history  of  the  region  and  adds  somewhat  to  Moore's  geological  oolumn.  The  priDcipid 
X)oints  of  difPerence  between  Moore's  conclusions  and  those  of  the  writer  may  be 
briefly  stated  as  follows: 

Li  his  map  of  1912  Moore  shows  two  bands  of  the  Wanipigow  series  of  sediments, 
a  broad  one  extending  from  Wanipigow  (Hole)  lake  through  Bice  lake,  then  south- 
easterly to  the  headwaters  of  Manigotagan  river,  the  oftiher  extending  through  Oiseau 
Biver  area.  Marshall  later  showed  that  the  mapping  of  the  former  band  was  incorrect 
and  that  a  granite  mass  around  Long  lake  divides  the  band  into  an  eastern  part  and 
a  western  part  The  writer  was  unable  to  examine  the  eastern  area  around  the  head- 
waters of  Manigotagan  river,  but  did  study  the  other  occurrences  around  Hice  and 
Oiseau  lakes;  and  was  able  to  prove  that  the  supposed  sediments  in  both  places  are 
really  bedded  tuflPs  in  large  part,  and  that  they  rest  with  perfect  conformity  on  the 
surface  of  the  lava  flows  composing  Moore's  Bice  Lake  series.    Moore's  Bice  Lake  and 

1  Bfoore,  E.  3.,  Oeol.  Surv.,  Can.»  Sum.  Rept,  1912,  pp.  262-270. 

'Dresser,  J.  A.,  Oeol.  Surv.,  Can.,  Sum.  Rept,  1916.  p.  169. 

ADelAiry,  J.  S.,  ''Mineral  Prospects  in  Southeastern  Manitoba."    Manitoba  Bulletins. 

4  McCann.  W.  S..  (>eoL  Surv.,  Can..  Sum.  Rept.,  1921,  pt.  C.  p.  19. 
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Wanipi^To^  series,  therefore,  become,  respectively,  tlie  volcanic  and  fle<Hinentai7 
members  of  a  single  series  of  surficial  rocks.  In  subsequent  parts  of  this  report  the 
name  Wanipigow  series  will,  therefore,  be  omitted,  and  the  whole  body  of  volcanics  and 
sediments  will  be  called  the  Rice  Lake  series. 

The  volcanics  and  sediments  are  intruded  by  granites.  Moore  mentions  only  one 
period  of  granitic  intrusion,  but  the  evidence  obtained  during  the  past  summer  proves 
that  there  were  really  two  such  periods.  The  two  granites  will  hereafter  be  referred 
to  as  to  the  "earlier  granite"  and  the  *%ter  granite."  Between  the  initrusion  of  Uiese 
two  granites  there  intervened  a  very  long  period  of  time,  during  whidi  great  defor- 
mation of  the  region  took  place,  together  with  intrusion  of  a  variety  of  basic  igneous 
rocks.  The  moet  important  and  probably  the  ktest  of  these  was  a  gabbro  which  formed 
wlls  and  laccoliths  of  varying  size.  Apparently  it  preceded  by  a  very  eftwrt  interval 
the  intrusion  of  the  latter  granite. 

The  geological  column  established  by  t^e  writer's  work  is,  therefore,  as  foHows  : 

Table  of  Formations 

LAter  granite 
Gabbro. 

Relations  unknown 
Diabase  dykes 
r  Feldspar  porphjnry 

Precambrian -{  \  Relations  unknown 

t  Hornblende  porphyry 

Earlier  granite 
TTufaceous  sediments 
Keewatin?  Bice  Lake  series  •{     Confortable  contact 

t  Lavas  and  breccias 

Bioe  Lake  Series 

PETROGRAPHY   OP   VOLOANIO  PORTION 

Basalt 

The  volcanic  portion  of  the  Rice  Lake  series  is  made  up  of  lavas  of  varying 
composition.  In  Oiseau  River  area  most  of  the  lavas  are  massive,  rather  fresh- 
looking  basaltsi,  in  flows  that  vary  from  a  few  feet  to  more  4!han  100  feet 
in  thickness.  Pillow  structures  were  observed  in  a  few  places,  but  were  rare,  and 
flow  textures  were  not  seen.  The  grain  varies  from  fine,  almost  glassy,  at  the 
upper  edges  of  the  flows,  to  a  maximum  of  perhaps  1  mm.  in  their  lower  parts.  The 
coarser-grained  parts  of  the  basalt  flows  so  strongly  resemble  some  of  the  finer- 
grained  phases  of  the  nickel-bearing  gabbro  that  the  two  are  frequently  confounded. 
The  basalt,  however,  maintains  its  fine  grain  over  distances  of  hundreds  of  feet, 
whereas  the  grain  of  the  gabbro  is  fine  only  near  a  contact,  and  increases  rapidly 
with  distance  from  the  contact,  becoming  much  coarser  than  any  part  of  the  basalt 

Only  one  specimen  of  basalt  was  examined  microscopically.  It  is  a  somewhat 
porphyritic  rock,  in  which  phenocrysts  of  biotite,  partly  chloritized  hornblende, 
and  andesine  form  30  per  cent  to  40  per  cent  of  the  mass.  The  pftienocrysts  average 
0-3  mm.  in  diameter.  They  are  embedded  in  a  matrix  of  0- 01  to  0- 02  mm.  grain,  made 
up  of  about  80  per  cent  of  pale  green  actinolite  in  small  needles,  and  70  per  cent  of  fine- 
grained feldspar,  probably  andesine.  There  is  no  evidence  that  the  hornblende 
present  is  secondary  after  augite,  unless  the  whole  rock  has  suflFered  recrystalliza- 
tion.     The  lava  seems,  therefore,  to  be  an  andesite  rather  than  a  basalt. 

,  Dacite 

In  Oiseau  River  area  there  also  occurs,  in  section  29,  a  black,  fresh-looking 
lava,  composed  of  numerous  good-sized  phenocrysts  of  white  feldspar  embedded  in 
a  fine-grained  black  matrix.  Under  the  microscope  the  rock  is  seen  to  be  partly 
granulated  and  altered.  The  phenocrysts,  of  all  sizes  up  to  1-6  mm.  in  diameter,  include 
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both  quartz  and  andesine  feldspar.  They  are  badly  granulated,  and  the  feldspar 
largely  altered  to  sericite  or  jwiragonite.  There  is  a  good  deal  of  an  incompletely  dhlorit- 
ized  mineral  present,  that  may  have  been  biotite.  The  groundmass  is  somewhat 
altered  and  hardly  distinguifi/hable  from  the  granulated  parts  gf  the  phenocrysts. 
It  appears  to  have  been  composed  mainly  of  feldspar.  The  lava,  therefore,  might 
be  termed  an  altered  dacite. 

Andesite 

Basalt,  with  good  pillow  structures,  occurs  on  the  north  shore  of  Rice  lake, 
but  the  main  body  of  the  volcanic  rocks  in  the  area  consists  of  x>orphyritic  ande- 
sites.  Phenocrysts  of  andesine  feldspar  up  to  3  mm.  in  length  form  perhaps  25 
per  cent  of  the  bulk  of  this  rock.  The  matrix,  of  about  0  03  mm.  average  grain,  is 
composed  of  similar  feldspar  and  needles  of  chlorite  probably  secondary  after 
actinolite.  A  good  deal  of  calcite,  eypidote,  and  sericite  is  present.  In  some  of  the 
fresfher  hand  specimens  the  matrix  appears  glassy  and  almost  black,  but  more 
commonly  it  has  a  greyish  green  tinge,  due  to  the  presence  of  alteration  products. 

Breccias,  extremely  common  around  Rice  lake,  include  both  flow  and  tuif 
breccias,  but  are  mainly  flow  breccias  that  grade  into  massive  lava  by  decrease  in 
the  number  of  fragments., 

Bhyolite 

Rhyolite,  also,  occurs  at  the  northeastern  end  of  Rice  lake,  on  the  Rachel  claim, 
L.  47-124.  Thie  rock  is  very  light  grey  and  fine  grained.  It  is  slightly  porphyritic, 
containing  a  few  phenocrysts  of  quartz  and  oligoclase  feldspar  up  to  0-6  mm. 
diameter.  The  matrix,  with  an  average  grain  of  0  05  mm.,  consists  mainly  of 
oligoclase  feldspar  with  2  or  3  per  cent  of  quartz  and  about  20  per  cent  of  chlorite 
needles.  The  form  of  the  chlorite  suggests  that  it  is  secondary  after  actinolite. 
The  minerals  have  been  more  or  less  granulated,  presumably  by  the  strains  of  folding. 

PETROGRAPHY  OF  SEDIMENTARY   MEMBER 

The  sedimentary  member  of  the  Rice  Lake  series  includes  those  rocks  formerly 
known  under  the  name  of  the  Wanipigow  series. 

Cherty  Tuff 

In  Oiseau  River  area  the  basal  beds  are  thin-bedded  cherts,  composed  of  fine- 
grained Tolcanio  ash  more  or  less  converted  to  silica  and  albite  feldspar  by  the  action 
of  solutions  accompanying  or  following  the  volcanic  outbursrts.  The  chert  beds  are 
interstratified  with  ooarser^grained,  thicker  beds  of  relatively  pure  ash.  The  ash  beds 
grade  upward  into  4he  prevailing  rock  of  the  series,  a  sandy  greywacke  or  impure 
quartzite  with  oocasional  slate  beds. 

Conglomeratic  Tuff 

In  section  31  there  is  a  wide  belt  of  interbedded  greywacke  and  coarse  tuff.  The 
tuff  contains  numerous  rounded  pebbles  of  basalt,  and  thus  strongly  resembles  a  con- 
glomerate. The  resemblance  is  heightened  by  the  fact  that  different  varieties  of  rock 
appear  to  be  represented  in  the  pebbles;  but  close  examination  proves  that  the 
apparent  differences  are  due  to  the  varying  textures  of  the  basalts  that  supplied 
the  pdbbles.  The  rock  is,  therefore,  an  intraformatiorial  conglomerate,  the  materials 
of  which  were  probably  derived  from  adjacent  rocks  by  rapid  erosion,  and  deposited 
in  a  local  basin.  Such  a  conglomerate  does  not  imply  the  existence  of  any  great 
time  interval  between  its  formation  and  that  of  the  underlying  lavas. 
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Rhyolite  Tuff 

In  Kice  Lake  area  the  basal  sediments  again  consist  of  a  very  fine-grained  chert, 
or  cherty  tuff,  that  rests  directly  on  the  glassy  surface  of  the  rhyolite  previously 
described  (page  5)'  and  is  composed  of  numerous  fragments  of  quartz  and  sodic 
feldspar,  up  to  0  15  mm.  diameter,  embedded  in  a  very  fine-grained,  highly  sericitic 
groimdmass.  The  sericite  is  probably  secondary,  formed  under  the  pressures  that 
folded  the  rocks. 

Thifi  tuff  is  overlain  on  the  south  side  by  a  bed  of  coarse  rhyolite  tuff  some 
hundreds  of  feet  in  thickness,  made  up  of  sharp-angled  fragments  of  rhyolite  averag- 
ing about  an  inch  in  diameter,  in  a  finer-grained  matrix  of  the  same  material. 

GHt 

It  is  overlain  in  turn  by  a  well-bedded  grit,  composed  of  sharp-angled  fragmeotd 
of  quartz,  feldspar,  and  rhyolite,  and  is  well  exposed  on  the  southeast  comer  of  the 
large  island  in  Rice  lake.  This,  again,  is  overlain  by  the  normal  sedimentary  rock 
of  the  region,  a  maesive  quartzite  more  or  less  converted  to  sericite  schist  over 
considerable  areas. 

Quartzite 

The  bedding  of  the  quartzite  is  commonly  so  thick,  and  the  character  of  the 
material  so  uniform,  that  observations  on  the  strike  and  dip  of  the  b^  are  difficult 
to  obtain.  In  places,  however,  the  normal  quartzite  grades  into  finer-grained,  muddier 
material  in  the  Upper  parts  of  a  bed,  and  this  in  turn  is  overlain  by  the  coarser- 
grained  quartzite  of  the  succeeding  bed. 

The  quartzite  is  a  grey  rock  with  an  average  grain  of  0-5  mm.  Qrains  of  this 
size  compose  about  60  per  cent  of  the  rock,  and  are  mostly  of  quartz,  with  a  few  of 
oligoclase  feldspar.  They  are  to  some  extent  granulated  and  drawn  out  into  "  eye  ^ 
shapes.  The  remaining  40  per  cent  of  the  rock  is  mainly  very  fine-grained  quartz 
and  musoovite  or  x>aragonite,  the  last  probably  forme^  by  the  metamorphism  of 
the  feldspar  constituent. 

STRUOTURAL    RELATIONS 

•Stratigraphy 

The  work  of  the  past  summer  was  not  sufficient  to  show  wheth^  ike  sedimentary 
part  of  the  Rice  Lake  series  overlies  all  the  lava  flows  composing  the  volcanic 
member,  or  is  interstratified  between  them.  In  Oiseau  River  area  the  sediments 
overlie  the  lavas,  but  their  upper  side  was  not  seen.  In  Rioe  Lake  area  ihej  appear 
to  be  both  underlain  and  overlain  by  lavas,  but  strike  faults  are  so  numerous  that 
the  apparent  structure  may  be  due  to  repetition  of  beds  from  this  cause,  al&ough 
no  direct  evidence  of  faulting  along  contacts  could  be  observed. 

In  Oiseau  River  area  the  relations  between  the  lavas  and  sediments  were  estab- 
lished as  follows:  In  many  places  a  careful  examination  discovered  &e  lines  of 
contact  of  two  lava  flows.  At  such  places  a  relatively  coame-grained  variety  of 
basalt,  the  slowly  cooled  bottom  of  a  flow,  is  in  sharp  contact  with  a  very  fine- 
grained, almost  glassy  basalt  representing  the  rapidly  cooled  surface  of  an  earlier 
lava  flow.  From  such  contacts  the  strike  and  dip  of  the  lavas  can  be  det^mined. 
All  the  determinations  thus  made  give  the  lavaa  approximately  east-west  strikes  and 
vertical  dips,  and  the  glassy  phases,  the  original  surfaces,  invariably  form  the  soutli 
part  of  the  now  vertical  flows.  Since  the  south  side  of  the  flows  is,  therefore,  the 
upper,  it  follows  that  any  given  bed  or  flow  is  younger  than  beds  or  flows  to  the  north 
of  it,  and  older  than  beds  or  flows  to  the  south  of  it. 
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In  one  place,  along  the  line  between  sections  27  and  28,  good  pillow  structure  is 
developed  in  the  basalts.  Pillow  structure  is  believed  to  be  most  commonly  developed 
in  lavas  when  they  are  extruded  under  water,  and  when  the  flows  are  fairly  thick 
the  structure  does  not  extend  through  the  whole  mass  of  lava,  but  affects  only  the  parts 
near  the  surface.  In  such  circumstances  it  can  be  used  to  determine  structure,  as  the 
pillowed  parts  of  a  flow  will  be  the  upper  side.  A  careful  examination  of  the  structure 
in  Oiseau  River  area  confirmed  the  conclusions  drawn  from  other  data,  that  the  folded 
lavas  have  a  general  east-west  strike,  a  vertical  dip,  and  face  southward. 

Since  the  lavas  of  the  volcanic  series  face  south,  and  the  sediments  are  found  south 
of  the  lavas,  the  sediments  must  overlie  the  lavas. 

This  determination  does  not  settle  the  question,  however,  as  to  whether  the  sedi- 
ments overlie  the  lavas  conformably  or  unconformably.  Very  careful  search  was, 
tftierefore,  made  for  actual  contacts  of  the  two  series,  and  such  contacts  were  found  in 
several  places  in  sections  29  and  81.  In  each  case  the  contact  is  between  sediments  and 
the  glassy  uiyper  parts  of  lava  flows,  never  between  sediments  and  coarse-grained 
basalts;  indicating  that  the  sediments  were  laid  down  directly  on  the  surfaces  of  lava 
flows,  before  erosion  had  the  opportunity  to  wear  away  the  flows  or  cut  channels  into 
them.  The  sediments  are  never  conglomerates  at  the  contacts,  but  are  either  cherts 
or  slates,  neither  of  which  is  a  product  of  the  erosion  of  the  underlying  lavas. 
Evidently,  therefore,  there  was  no  interval  of  erosion  between  the  deposition  of  the 
basalts  and  that  of  the  overlying  sediments.  In  addition,  no  folding  took  place  between 
the  formation  of  the  two,  for  the  strike  and  dip  of  the  sedimentary  beds  are  the  same  as 
that  of  the  lava  flows.    The  two  formations  are,  therefore,  i)erfectly  conformable. 

The  conformability  of  the  sediments  and  lavas  is  further  seen  in  lot  31.  Here  the 
contact  of  the  two  formations  is  not  a  sharp  line,  but  a  broad  band  in  which  flows  of 
lava  alternate  with  varying  thicknesses  of  sediments.  On  the  map,  north  of  the  main 
body  of  sediments  in  section  30,  there  is  shown  a  single  wide  band  of  lavas,  followed  by 
a  band  of  sediments,  which  is  succeeded  again  by  lavas.  The  mapping  does  not  fully 
represent  the  true  state  of  affairs.  In  reality  there  are  numerous  narrower  alternating 
bands  of  sediments  and  lavas,  particularly  in  the  lava  band  mapped  to  tne  south  of  the 
norite  band,  and  in  the  northern  part  of  the  succeeding  band  of  sediments.  The  map- 
ping here  merely  expresses  which  material,  lava  or  sediment,  was  predominant. 

Evidently,  therefore,  sedimentary  deposition  began  as  the  period  of  lava  extrusion 
drew  to  a  close,  but  sedimentation  was  locally  interrupted  from  time  to  time  by  the 
extrusion  of  more  lavas.  Such  facts  emphasize  the  lack  of  any  time  break  between  tho 
deposition  of  the  two  formations. 

In  Rice  Lake  area  the  sediments  form  a  band  that  runs  through  tht  lake  in  a 
general  east-west  direction,  and  lavas  are  found  both  north  and  south  of  this  band. 
Moore  assumed  that  the  sediments  form  a  syncline,  and  that  the  lavas  dip  beneath 
them  both  on  the  north  and  eouth.  However,  examination  of  the  lavas  by  the 
methods  described  shows  that  they  have  a  similar  strike  and  face  toward  the  south 
on  both  sides  of  the  sediments.  The  band  of  sediments  is,  therefore,  eitfher  overlain 
as  well  as  underlain  by  lavas,  or  else  the  lavas  to  the  south  have  been  faulted  into  their 
present  position.  Although  no  direct  evidence  of  such  faulting  was  obtained,  the 
possibility  cannot  be  altogether  dismissed,  since  the  southern  contact  of  the  sediments 
and  lavas  is  hidden  by  drift,  and  faults  parallel  to  the  strike  of  the  contact  are  common 
in  the  area. 

The  sedimentary  beds  at  Rice  lake  have  already  been  shown  to  consist  on  the 
north  side  of  fine-grained  cherty  tuff  in  direct  contact  with  glassy  rliy elite;  the 
cherty  tuff  is  succeeded  on  the  south  by  coarse  rhyolite  tuff,  finer  tuffaceous  grit,  and 
then  by  quartzite.  All  of  these  members  are  interbedded  with  each  other  at  their 
contacts,  indicating  a  smooth  and  continuous  sequence  of  deposition  between  the 
rhyolite  and  the  quartzite;  hence  as  the  south  side  of  the  rhyolite  is  the  upper,  the 
sediment  must  overlie  it  with  perfect  conformity. 
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To  sum  up:  the  sediments  around  Bice  lake  overlie  a  part  of  the  volcanic  rocks 
conformably;  'they  are  overlain  in  turn  by  more  lavas,  unless  there  is  a  strike  fault 
at  their  southern  contact  which  brings  the  imderlying  volcanics  into  apparent  strati- 
graphic  superposition  over  the  sediments. 

Folding 

The  Eice  Lake  series  has  been  closely  folded,  and  the  strata  thrown  into  approxi- 
mately vertical  attitudes,  or  locally  overturned.  The  areas  examined  are  not  large 
enough  to  contain  whole  folds,  from  a  study  of  which  axial  directions  might  be 
determined,  so  that  only  a  simple  statement  of  observed  dips  and  strikes  can  be 
made.  In  Oiseau  (Bird)  River  area  the  sediments  and  lavas  strike  uniformly  north 
70  degrees  west,  except  where  drag  folding  has  caused  local  variations.  The  dips  are 
all  vertical  or  nearly  so.  The  beds  all  face  the  south,  thus  forming  the  north  limb 
of  a  syncline  whose  axis  lies  to  the  south  of  the  area  studied.  The  corresponding 
anticline  to  the  north  has  been  destroyed  by  the  intrusion  of  the  earlier  granite.  In 
Rice  Lake  area  the  strike  of  the  sediments  and  lavas  varies  from  about  north  75 
degrees  west  north  of  the  Rice  to  about  north  60  degrees  west  in  the  southern 
part  of  the  area.  The  southwest  side  of  the  beds  and  flows  is  the  upper  side,  so  that 
they  also  form  parts  of  the  north  limb  of  a  syncline.  The  dips  are  mostly  nearly 
vertical,  but  around  Rice  and  Red  Rice  lakes  there  has  been  strong  overfolding, 
giving  the  strata  reversed  dips  toward  the  north.  The  overthrust,  was  eo  severe  that 
near  the  southern  contact  of  sediments  and  lavas  the  overturned  strata  dip  as  k>w 
as  30  degrees  nortii.  The  southern  limb  of  this  overturned  syncline  is  cut  off  by  the 
intruision  of  the  later  granite,  and  the  earlier  granite  has  obliterated  the  anticline  to 
the  north. 

The  folding  described  did  not  all  take  place  at  one  time.  There  is  good  evidence 
that  there  were  two  periods  of  folding,  corresponding  roughly  to  the  times  of  intrusion 
of  the  earlier  and  later  granites.  This  question  is  considered  more  fully  in  a  subse- 
quent part  of  the  report.  The  pressure  causing  the  folding  is  supposed  to  have  come 
from  the  northeast,  as  faulting  was  due  to  thrust  from  that  direction. 


Faulting 

The  Rice  Lake  series,  together  with  the  earlier  granite,  has  been  greatly  broken 
ui)  by  large  faults  in  bot^  the  areas  examined.  The  faults  are  important  from  an 
economic  point  of  view,  in  that  they  controlled  the  intrusion  of  the  gabbro  magma  in 
Oiseau  River  area,  and  the  formation  of  the  gold-bearing  veins  in  Rice  Lake  area. 

In  Oiseau  River  area  the  peculiar  shape  of  the  northern  contact  of  the  gabbro 
mass  attracted  the  attention  of  the  writer.  Although  the  gabbro  forms  a  sill-like 
mass,  intruded  parallel  to  the  east-west  strike  of  the  sediments  and  lavas,  its  northern 
contact  is  repeatedly  stepped  due  north  for  greater  or  less  distances.  The  line  of 
these  north-south  sections  of  the  contact  is  generally  a  narrow  valley  or  depression. 

Some  of  these  narrow  valleys  were  followed  northward  beyond  the  turning 
point  of  the  contact,  until  outcrops  in  the  granite  were  obtained,  and  in  each  case 
zones  of  strong  shearing  were  found  in  the  bottom  of  the  valley.  The  shearing  is 
such  as  to  convert  the  otherwise  massive  granite  into  highly  fissile  sericite  schist 
over  various  widths.  Evidently  the  granite  has  been  faulted,  probably  with  great 
displacement,  along  these  lines  of  shear. 

Faulting  must  have  preceded  the  gabbro  intrusion  since  the  southern  boundary 
of  the  sill  is  not  displaced  by  the  faults,  but  runs  along  in  a  smooth,  gently  curving 
line,  and  the  faults  merely  had  the  effect  of  localizing  the  intrusion.  This  ques- 
tion will  be  fully  discussed,  however,  in  the  description  of  the  bodies  of  gabbro. 
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The  only  fault  in  Oiseau  Kiver  area  whose  direction  of  displacement  can  be 
determined  occurs  in  the  western  part  of  sections  29  and  32.  This  fault  shows  an 
horizontal  displacement  of  approximately  1,600  feet,  the  east  side  having  moved 
toward  the  south.  It  thus  resembles  the  faults  of  Kice  Lake  area.  The  faults  of 
Oiseau  River  area  differ  from^  those  of  Rice  Lake  area  in  having  a  somewhat  more 
northerly  trend. 

Ae  the  faults  of  Oiseau  River  area  bave  no  known  economic  significance  other  than 
their  effect  in  controlling  the  intrusion  of  the  gabbro,  they  *were  not  traced  for  any 
great  distance.  In  Rice  Lake  district,  however,  the  faults  liave  been  the  fissures  in 
which  the  gold  ores  were  later  deposited,  and  on  this  account  the  larger  ones  were 
traced  as  far  as  possible.  The  faults  so  traced  are  shown  on  the  accompanying  map 
No,  1929.  There  are  also  smaller  unmapped  fauite  very  difficult' to  trace,  because, 
though  in  the  softer  rocks  they  may  form  wellnlefined  shear  zones,  in  the  harder  rocks 
tJKoy  are  apt  to  pass  into  vaguely  icbfined  zones  of  fracture.  Moreover,  they  are  so 
numerous  that  it  is  impossible  to  project  one  of  them  through  even  a  small  drift- 
covered  area  without  being  in  doubt  as  to  whether  a  fault  is,  on  the  far  side  of  the 
interval,  the  fault  previously  traced,  or  a  neighbouring  one. 

The  faults  vary  considerably  in  direction,  as  the  map  shows,  but  are  in  general 
north  60  degrees  west,  north  30  degrees  west,  and  north  10  degreQ3  west.  Those  with  a 
strike  of  about  north  60  degrees  west '  niay  be  termed  strike  faults,  as  they  either 
parallel  or  cut  at  a  small  angle  the  strike  ,of  the  lavas  and  sediments.  The  others  cut 
the  bedding  of  the  sediments  and  lavas. 

Small  strike  faults  with  almost  vertical  shear  planes  are  very  common  throughout 
the  area.  The  planes  of  the  larger  strike  faults,  particularly  the  large  shear  zone  on 
the  south  of  Rice  kke,  and  that  northeast  of  Red  Rice  lake,  dip  to  the  north  at 
varying  angles,  sometimes  steeply,  sometimes  flatly.  The  direction  of  the  shear 
planes  together  with  other  data,  indicate  that  they  have  been  formed  by  overthrusts 
from  the  north  or  northeast. 

The  other  classes  of  faults  have  shear  planes  either  vertical  or  dipping  70  degrees 
to  80  degrees  toward  the  east.  They  exihibit  a  uniform  direction  of  movement;  the 
eastern  side  has  always  moved  toward  the  south,  relative  to  the  western  side.  The 
movement  has  been  almost  an  horizontal  one,  with  a  slight  tendency  to  the  scissors 
type.  At  the  northern  end  of  the  faults  the  east  side  has  been  forced  upward  as  well 
as  southward;  near  the  centre  of  the  area  the  movement  is  practically  liorizontal; 
whereas  at  the  south  ends  of  the  faults  there  has  been  a  slight  but  distinct  downward 
movement  on  the  east  side,  in  addition  to  the  lateral  movement. 

As  the  map  ehows,  the  faults  with  the  more  northerly  strikes  turn  at  their 
northern  ends  eo  as  to  become  the  strike  faults;  there  is,  therefore,  no  real  reason  for 
separating  the  different  classes.  Distinction  has  been  made  principally  because 
of  the  differences  in  the  character  of  "the  faults,  displayed  in  their  different  courses. 
Faulting  has  cut  the  area  up  into  a  series  of  fault  blocks.  The  thrust  from  the 
north  or  northeast  has  tended  to  raise  each  block  above,  and  thrust  it  over,  the 
adjoining  block  to  the  southwest. 

Along  the  lines  of  faulting  the  rocks  have  been  transformed  into 'belts  of  schist 
of  varying  width.  The  softer  varieties,  more  incompetent  to  resist  the  shearing 
stresses,  have  been  converted  into  fissile  schists,  as  much  as  60  or  70  feet  in  width. 
Smaller  faults  yield  narrower  belts  of  schist,  a  few  inches  or  feet  in  width. 

In  harder  rocks  the  effect  of  faulting 'is  much  less  striking.  The  larger  shear 
zones  narrow  to  2  or  3  feet  in  places,  but  the  smaller  ones  pass  into  vaguely  defined 
zones  of  fracturing.  The  wider  belts  of  echi^  reappear  where  the  fault  re-enters 
softer  rock,  after  passing  through  the  belt  of  harder  rock.  The  shear  zones  thus 
resemble  a  series  of  lenses  placed  end  to  end,  rather  than  a  ribbon -like  band  of 
uniform  width.  The  lenticular  structure  is  accentuated  by  certain  other  factors,  so 
that  it  appears  even  where  the  rocks  cut  by  a  fault  are  all  much  the  same. 
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When  the  pressures  causing  the  faulting  first  began  to  act,  rather  crooked 
fractures  were  produced  (Figure  2)  presumably  because  there  were  joints  or  other 
pre-existing  lines  of  weakness  in  the  rocks,  and  fracture  followed  these  lines  of  weak- 
ness. Later  thrusts  caused  horizontal  movement  along  t/he  fault  plnnes,  as  already 
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Figure  2. 


Diagram  showing:  formation  of  lenticular  sheared  sone  by  lateral 
displacement  along  a  crooked .  fault. 


described,  and  straightened  the  bends  by  cutting  ofF  the  corners  (Figure  2).  Thus  the 
bends  are  now  wide  zones  of  sheared  rock,  and,  between  bends,  the  shear  zones  are 
much  narrower.  On  the  Bluebell  property,  L.  9-174,  from  this  cause  alone  the  shear 
zone  varies  from  33  feet  in  width  to  2  feet  within  a  distance  of  150  feet  along  the 
strike. 

Lateral  movement  along  the  fault  planes  has  in  places  caught  up  parts  of  soft 
beds,  to  form  drag  folds  within  the  sheared  zone  (Figure  3).  The  formation  of 
such  a  drag  fold,  in  trebling  the  thickness  of  the  sedimentary  bed,  has  been  accom- 
panied by  widening  of  the  sheared  zone,  seemingly  by  pushing  out  its  walls.  This 
was  observed  only  in  one  or  two  places. 


Figure  3. 


Diagram  showing  how  an  included  bed   (in  solid  black),  drag-folded, 
may  widen  a  sheared  sone  (in  broken  line). 


A  third  cause  of  change  in  width  is  the  splitting  of  the  shear  zone^  A  shear 
zone  frequently  splits  into  two  belts  which,  in  some  cases,  reunite  around  a  horse  or 
body  of  unsheared  rock.  In  other  instances  the  two  sheared  belts  remain  apart. 
Several  cases  of  such  splitting  on  a  large  scale  are  shown  on  the  map;  the  combined 
zone  of  shear  is  larger  than  either  of  the  two  zones  into  which  it  splits. 

Zones  of  sheared  material  are  commonly  replaced  partly  or  completely  by  intru- 
sions of  igneous  rock.  Fault  zones  are  easily  intruded  by  igneous  magmas,  and  many 
dykes  on  encountering  such  zones  have  found  it  easier  to  follow  than  to  cross  them. 
In  many  instances  the  dyke  material  now  occupies  the  whole  width  of  the  sheared 
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zone,   in  others   only   a  part,   thus  diminishing   or   entirely  replacing  the  sheared 
material. 

Time  of  Faulting 

The  faults  cut  the  folded  rocks  of  the  Bice  Lake  series,  hence  are  of  later  date 
than  the  folding.  The  faults  have  cut  the  earlier  granite,  and  made  wide,  sheared 
zones  in  it;  therefore  they  are  later  than  the  intrusion  and  consolidation  of  the 
granite.  The  various  dykes  of  the  Kice  Lake  area  cut  into  and  across  the  shearing 
planes  of  the  faulted  zones ;  hence  much  of  the  faulting  preceded  the  intrusion  of  the 
4ykes.  However,  the  dykes  themselves  are  in  cases  badly  fractured  or  slightly 
sheared  where  they  lie  within  the  fault  zones,  and  may  be  displaced  a  few  feet 
laterally  where  they  cross  a  sheared  zone,  so  that  although  the  main  faulting  took 
place  before  the  intrusrion  of  the  dykes,  lAiere  was  some  later  movement  along  the 
fiame  planes  of  weakness.  The  faults  do  not  greatly  displace  or  fracture  the  later 
graiiitQ  and  this  second  period  of  movement  must  have  occurred  between  the  intrusion 
of  the  latest  or  diabase  dykes,  and  that  of  the  later  granite.  The  later  granite  is, 
however,  greatly  jointed  parallel  to  the  earlier  set  of  faults,  and  small  movements,  of 
an  inch  or  a  few  inches,  have  occurred  along  the  joint  planes;  evidently,,  after  the 
intrusion  of  the  later  granite,  another  small  movement  occurred,  jointing  and  slightly 
faulting  it 

Faulting  thus  occurred  at  three  different  periods ;  the  first  and  most  intense,  after 
the  intrusion  of  the  earlier  granite  but  before  the  intrusion  of  the  various  dykes;  the 
second,  less  severe,  after  the  intrusion  of  the  dykes  but  before  the  intrusion  of  the 
later  granite;  the  third,  comparatively  slight,  after  the  intrusion  of  the  later  granite. 

Time  of  Folding 

It  has  been  shown  that  a  folding  movement  occurred  prior  to  the  faulting  of  the 
Rice  Lake  series.  Although  it  is  not  known  precisely  whether  this  folding  took  place 
before  or  after  the  intrusion  of  the  earlier  granite,  it  is  inferred  to  have  taken  place 
before  intrusion.  The  massive  granite  in  places  contains  schistose  blocks  of  the  Kice 
Lake  series,  in  which  schistosity  must  have  been  developed  before  they  were  broken 
off  by  the  intruding  magma.  Folding  and  mountain  building  are,  moreover,  usually 
accompanied  or  closely  followed  by  granitic  intrusion,  and  granitic  intrusion  is  not 
known  to  precede  foldings 

In  Oiseau  (Bird)  Biver  area  the  nickel-bearing  gabbros  cut  across  the  faults  in 
the  earlier  granite  and  Bice  Lake  series  without  being  themselves  displaced,  and  the 
sills  are  tilted  up  on  edge.  Thus  the  sills,  which  are  younger  than  the  faults,  have 
also  suffered  folding.  There  must,  therefore,  have  been  a  second  folding  movement 
quite  late  in  the  history  of  the  region,  later  than  the  earlier  granite,  later  than  the 
faults  that  cut  it,  and  later  than  the  intrusion  of  the  gabbro.  Since  batholithic  intru- 
sion often  follows  folding,  it  may  be  inferred  that  the  later  folding  just  preceded  the 
intrusion  of  the  later  granite. 

There  appear,  therefore,  to  have  been  at  least  two  i)eriods  of  folding  in  the  Pre- 
cambrian  of  eastern  Manitoba,  the  first  preceding  or  accompanying  the  intrusion  of 
the  earlier  granite,  the  second  with  similar  relations  to  the  later  granite. 

Relations  of  Rice  Lake  Series  to  Younger  Formations 

The  Bice  Lake  series  is  the  oldest  formation  in  either  of  the  districts  examined, 
so  that  all  its  external  relationships  are  to  younger  rocks,  all  of  which  are  igneous 
and  intrusive.  The  facts  of  intrusion  were  established  in  each  instance  by  the  usual 
methods;  the  intrusive  was  observed  to  cut  across  the  bedding  of  the  Biice  Lake 
series,  to  have  chilled  edges  at  contafcts,  and  to  contain  inclusions  of  the  older  rocks. 
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EARLIER  GRANITE 


The  earlier  granite  is  found  on  the  north  side  of  the  band  of  Rice  Lake  seri^ 
that  extends  from  Rice  lake  to  the  mouth  of  W«mipigow  (Hole)  river  (See  Map  No. 
1286  by  E.  S.  Moore,  1912).  It  extends  north  of  Wanipigow  river  for  a  considerable 
distance  at  least,  for  the  writer  went  north  6  miles  from  Wanipigow  (Hole)  lake 
without  encountering  any  other  rock.  The  earlier  granite  is  also  found  on  the  nortii 
side  of  the  band  of  Rice  Lake  series  in  Oiseau  RSver  area.  Its  width  here  also  is 
unknown,  though  it  must  be  less  than.  12  miles,  since  later  granite  is  fonnd  around 
the  Maskwa  River  nickel  deposits* 

Methods  of  Distinguishing  the  Earlier  and  Laier  Granites 

It  is  impossible  to  distinguish  the  earlier  granite  from  the  later  granite  by  petro- 
graphic  means,  either  in  hand  specimens  or  thin  sections.  The  writer  searched  wiA 
the  utmost  care  for  some  petrographic  characteristic  that  might  be  used  to  distinguiali 
the  two,  but  without  success.  There  is  no  single  characteristic  of  composition,  texture, 
or  alteration  in  either  granite  that  may  not  be  matched  in  specimens  from  the  other. 

It  is  true  that  a  larger  proportion  of  the  earlier  granite  than  of  the  later  appears 
to  have  suffered  alteration  by  weathering.  Perhaps  half  the  rock  specimens  collected 
from  a  bodty  of  earlier  granite  will  contain  dull-looking,  altered  feldspars,  and  partly 
chloritized  ferromagnesian  constituents,  whereas  such  a  specimen  from  the  later  granite 
is  rare  except  from  the  actual  surface.  On  the  contrary,  feldspars  in  the  later  granite 
are  fresh  and  glassy,  and  its  ferromagnesian  minerals  without  a  trace  of  alteration. 
However,  in  places  perfectly  fresh  and  unaltered  specimens  may  be  collected  from  the 
earlier  granite,  so  that  it  would  be  extremely  unsatisfactory  to  endeavour  to  distin- 
guish between  the  two  by  such  means.  Other  and  better  criteria  are  available,  and  it 
is  better  to  rely  on  them  entirely. 

It  has  been  pointed  out  that  the  earlier  granite  is  cut  by  the  faults  of  the  region, 
but  that  the  later  granite  is  not.  Accordingly  there  are  wide  shear  zones  in  the  earlier 
granite,  along  which  it  has  been  converted  into  a  highly  fissile  schist.  Shear  zones 
of  this  sort  are  very  prominent  in  the  granite  north  of  Wanipigow  river  and  lake,  and 
common,  though  less  prominent,  in  the  granite  of  Oiseau  river.  No  such  feature  is 
to  be  found  in  the  later  granite,  in  which  the  most  pronounced  deformation  is  jointing, 
with  lateral  movement  of  a  few  inches  at  most  along  the  joint  planes. 

The  earlier  granite  is  cut  by  basic  dykes.  In  the  area  north  of  Wanipigow  river 
the  dykes  are  of  diabase,  in  Oiseau  River  area  of  gabbro.  In  both  places  dykes 
are  fairly  numerous.  The  later  granite,  apparently,  is  not  cut  by  dykes  of  any  kind, 
except  those  of  pegmatite.  On  the  contrary,  it  cuts  across  the  diabase  dykes  in  Rice 
Lake  area,  and  the  gabbro  in  Maskwa  River  area. 

Petrography 

The  earlier  granite  is  a  coarse-grained,  grey,  greenish  grey,  or  reddish  rock, 
usually  equigranular,  but  in  places  containing  porphyritic  feldspars.  It  varies 
a  good  deal  from  place  to  place,  both  in  composition  and  degree  of  alteration. 
In  Oiseau  River  area  it  is  a  very  fresh,  reddish  rock  with  a  porphyritic  tendency,  and 
an  average  grain  of  2  to  3  mm.  The  specimen  examined  microscopically  is  composed 
of  nearly  50  per  cent  quartz,  2  or  3  i>er  cent  of  biotite,  36  i>er  cent  microcline,  and  10 
per  cent  of  albite,  with  a  few  crystals  of  orthoclase.  The  albite  has  been  somewhat 
altered  to  sericite  or  paragon! te,  but  the  other  feldspars  are  almost  unaltered. 

The  earlier  granite  north  of  Wanipigow  river  is  much  more  largely  altered,  and 
characterized  by  the  greenish  tints  due  to  the  presence  of  alteration  products.  When 
fresh,  it  is  a  grrey  or  white  rock,  with  an  average  grain  of  1  to  2  mm.  The  comi)osi- 
tion  averages  about  30  per  cent  quartz,  10  per  cent  to  15  per  cent  of  ferromagnesian 
mineral,  mostly  common  green  hornblende  with  a  little  biotite,  the  remainder  a 
feldspar,  all  of  whose  optical  characters  are  those  of  andesine  Aboo  An40  except  the 
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refringence,  which  is  a  little  low.  It  is  probable,  therefore,  that  some  orthoclase  is 
dissolved  in  the  andesino  and  reduces  its  refringence.  The  comixjsition  of  the 
Wanipigow  River  granite  indicates  it  to  be  a  granodiorite  rather  than  a  true  granite. 
Altered  phases  show  alteration  of  the  feldspar  to  sericite  or  paragonite  and  epidote, 
and  of  the  hornblende  to  chlorite. 

Structural  Relations 

The  earlier  granite  is  intrusive  into  the  Rice  Lake  seri^.  The  mapping  shows 
tlie  granite  cutting  across  the  bedding  of  the  Rice  Lake  series,  in  some  places  com- 
pletely through  the  older  volcanic  rocks  and  up  into  the  younger  sediments.  The 
usual  swarm  of  stoped-off  fragments  is  found  in  the  granite  near  contacts.  Dykes 
from  the  granite  penetrate  the  Rice  Lake  series  for  greater  or  less  distances  from 
contacts. 

The  earlier  granite  has  suffered  from  the  faulting  of  the  region  and  presumably 
also  from  the  later  jieriod  of  folding  although  no  e8i)ecial  folding  effects  were  obtained. 
The  faulting  has  produced  zones  of  schist  up  to  100  feet  in  width.  In  the  area  noVth 
of  Wanipigow  river  and  lake  the  faults  with  a  general  east  and  west  strike  have  made 
broad  zones  of  schist,  whereas  those  with  northerly  strikes  have  formed  very  much 
narrower  zones,  rarely  exceeding  3  or  4  feet  in  width.  The  later  folding,  due  to 
stresses  from  the  north,  may  have  made  use  of  the  east-west  planes  of  weakness 
established  by  the  faulting  as  slipping  planes,  along  which  movements  relieving  the 
stresses  from  the  north,  may  have  made  use  of  the  east- west  planes  of  weakness 

The  earlier  granite  is  cut  by  the  various  later  intrusives  of  the  region.  No 
feldspar  porphyry  dykes  were  observed  in  it,  but  the  diabase  dykes  of  Ric^  Lake 
district,  and  the  gabbro  dykes  and  sills  of  Oiseau  River  district  both  intrude  it.  No 
contact  of  the  earlier  and  later  granite  was  seen,  although  there  must  be  such  a  con- 
tact between  the  Oiseau  River  and  Maskwa  River  areas. 

The  earlier  granite  was  thus  intruded  prior  to  the  intrusion  of  the  various  basic 
igneous  rocks  of  the  region,  prior  to  the  faulting  and  subsequent  to  the  deposition  of 
the  Rice  Lake  series.  It  probably  accompanied  or  closely  followed  the  folding  of  the 
Rice  Lake  series. 

HORNBLENDE    PORPHYRY 

A  few  dykes  of  hornblende  porphyry  were  found  in  Rice  Lake  district,  cutting 
the  bedding  of  the  series  or  intruded  parallel  to  it.  The  porphyry  is  a  hard,  fresh 
rock,  composed  of  needle-like  phenocrysts  of  hornblende  up  to  half  an  inch  in  length 
embedded  in  a  fine-grained  grey  matrix.  Its  external  relations  are  not  known,  as 
it  was  not  found  in  contact  with  any  of  the  rocks  of  the  i-egion,  with  the  exception  of 
the  lavas  of  the  Rice  Lake  series. 

FELDSPAR    rOUPlIYRY 

Dykes  of  feldspar  porphyry  are  numerous  in  Rice  Lake  district.  Singularly 
enough,  they  were  observed  to  cut  only  the  volcanic  rocks  of  the  Rice  Lake  series, 
although  the  facts  at  hand'  indicate  that  they  ere  later,  not  only  than  the  Rice  Lake 
series  as  a  whole,  but  also  than  the  earlier  granite.  They  were  not  seen  in  Oiseau 
River  area. 

Petrographically,  the  feldspar  porphyry  is  a  light  grey  rock,  fresh,  hard,  and 
massive,  made  up  of  squarish  crystals  of  feldspar  up  to  2  or  3  mm.  in  diameter, 
embedded  in  a  fine-grained  light  grey  matrix.  The  phenocrysts,  which  form  as  much 
as  26  per  cent  of  the  volume  of  the  rock,  are  andesine  A\q  An^,,.  The  matrix  in 
which  they  are  embedded  hae,  an  average  grain  of  003  mm.,  and  consista  of  chlorite 
and  andesine  in  about  equal  proportions.  The  chlorite  forms  fine  needles  and  is 
probably  secondary  after  actinolite.  The  needles  have  a  pronounced  parallel  arrange- 
ment, giving  the  rock  a  definite  schistosity.  The  feldspars  are  more  or  less  altered 
to  epidote,  calcite,  and  kaolin. 
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The  feldspar  porphyry  not  only  cuts  across  the  'bedding  of  the  Rice  Lake  lavas, 
but  forms  sill-like  bodies  parallel  to  it.  It  is  cut  by  the  diabase  dykes  of  the  district 
It  "was  intruded  after  the  first  main  period  of  faulting,  as  is  shown  by  the  fact  that 
where  dykes  meet  shear  zones  they  either  cut  across  the  sheared  material  or  turn  and 
follow  ^e  shear^  often  fingering  into  the  sheared*  material  to  form  a  numiber  of  snmll 
parallel  dykes  separated  by  bands  of  schist.  The  dyke  material  in  such  places  is  not 
itself  sheared,  but  in  places  is  greatly  fractured,  indicating  that  some  movement  took 
place  after  intrusion. 

DIABASE 

The  latest  igneous  rock  in  Eice  Lake  district,  except  the  later  granite,  is  a 
diabase  which  forms  very  numerous  dykes,  of  all  sizes  up  to  300  feet  in  width.  Dykes 
of  the  same  material  are  very  common  also  in  the  earlier  granite  north  of  Wanipigow 
river  and  lake.    They  were  not  observed  in  Oiseau  River  area. 

The  diabase  is  a  fine-grained  black  rock,  fine-grained  even  in  dykes  of  consider- 
able size.  On  the  surface  it  is  usually  partly  chloritized  to  some  depth,  and  rather 
soft.  It  has  been  called  diabase  more  because  of  its  occurrence  in  dykes  and  to  dis- 
tinguish it  from  the  nickel4)earing  gaibbro,  than  because  of  its  diabase  texture.  In 
fact,  the  rock  is  so  badly  altered  that  any  such  texture,  if  it  existed,  has  been  obliter- 
ated. The  thin  section  examined  is  a  mass  of  alteration  products  in  which  almost 
all  the  original  feldspar  has  been  altered  to  epidote  and  most  of  the  ferromagnesian 
mineral  to  chlorite.  Some  hornblende  is  present  in  large  crystals  that  are  probably 
original,  as  they  do  not  possess  the  leafy  or  fibrous  structure  characteristic  of  a 
hornblende  secondary  after  augite. 

The  diabase  cuts  the  Rice  Lake  series,  the  earlier  granite,  and  the  feldspar 
porphyry  dykes,  and  is,  therefore,  later  than  they.  It  is  cut  off  by  the  later  granite, 
and  is,  therefore,  older.  When  dykes  of  diabase  meet  a  shear  zone,  i:hey  either  cut 
across  the  sheared  material,  or  turn  and  follow  the  shear  zone,  apparently  replacing 
or  absorbing  an  equal  bulk  of  the  sheared  rock.  The  dykes  are,  therefore,  later  than 
the  first  period  of  shearing,  but  are  themselves  more  or  less  iractured  and  sheared, 
especially  at  their  edges.  That  there  must  have  been  some  movement  along  the 
shear  zones  after  the  intrusion  of  the  dykes  is  indicated  at  the  shaft  of  the  Gold  Pan 
mine,  where  a  diabase  dyke  cuts  across  a  narrow  shear  zone,  and  the  later  movement 
along  the  shear  zone  has  shifted  the  outcrop  of  the  dyke  laterally  for  a  distance  of 
about  20  feet. 

OABBRO 

Gabbro  does  not  occur  in  Rice  Lake  area,  so  far  as  known.  It  was  studied  in 
Maskwa  and  Oiseau  Rivers  areas. 

Petrography 

The  gabbro  occurs  in  dykes  and  sills.  The  dykes  are  black  or  dark  grey,  medium- 
grained  rocks.  Their  composition  is  uniform  throughout,  owing  undoubtedly  to 
rapid  coolings  that  prevented  any  differentiation  with  resultant  changes  in  comi>o- 
sition.  The  material  of  the  sills,  on  the  contrary,  varies  greatly  in  composition  from 
place  to  place.  It  will  be  shown  that  the  variations  are  such  as  would  be  produced 
by  the  processes  of  differentiation  acting  while  the  great  masses  of  molten  rock  were 
slowly  cooling  and  crystallizing. 

The  Oiseau  (Bird)  River  sill  is  more  than  6  miles  from  east  to  west,  and  of 
variable  width,  the  greatest  being  slightly  over  a  mile.  The  variation  in  its  compo- 
sition is  found  along  any  line  from  north  to  south. 

Ths  sill  is  cut  by  dykes  up  to  3  or  4  feet  in  width  of  light  gr^,  white,  or  pinkish 
aplite.  They  are  apparently  confined  to  the  gabbro  and  there  is  no  later  intrusive 
in  the  region,  from  the  differentiation  of  which  they  might  have  been  formed; 
hence  they   imdoubtedly  represent  a   siliceous  differentiate  of  the  gabbro   magma. 
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They  are  alt  higl^  siliceous  rocks,  quartz  formiii^  from  40  per  cent  to  70  per  cent 
in  different  dykee^  The  remaining  oonatituent  is  nearly  all  albite,  though  a  little 
muscovite  and  biotite  are  nearly  al'ways  present.  The  greatest  amount  of  ferromag- 
neeian  constituent  noted  in  any  section  examined  was  5  per  cent.  Most  of  the  dykes 
are  more  or  less  porphyritic,  made  up  of  phenocrysts  of  quartz  and  albite  up  to  2  mm. 
in  diameter  embedded  in  a  matrix  of  about  0*1  mm.  average  grain. 

The  southernmost  rim  of  the  sill,  .which  is  exposed  in  one  locality  only,  on  the 
line  between  sections  27  and  28,  is  a  light  grey,  rather  fine-grained,  equigranular 
rock.  It  consists  of  75  per  cent  to  80  per  cent  of  andeaine  feldspar  (Abg^jAn^^j), 
15  to  20  per  cent  of  tremolite,  and  perhaps  4  per  cent  or  6  per  cent  of  fine-grained 
quartz.  The  grain  averages  about  0*5  mm.  This  material  forms  an  east-west  band 
eome  20  feet  in  width,  the  southern  edge  of  which  is  covered  with  drift.  On  the 
north  side  it  grades  rather  suddenly  into  roc^  of  somewhat  darker  colour  but  about 
the  same  grain,  consisting  of  about  30  per  cent  tremolite,  andesine  feldspar  (Abg^An^^), 
and  a  few  scattered  grains  of  quartz,  and  forming  a  band  about  15  feet  wide.  A  still 
darker  coloured  and  somewhat  coarser-grained  rock  succeeds  that  last  described, 
grading  into  it  at  the  contact.  In  it,  actinolite,  a  hornblende  containing  iron,  takes 
the  place  of  tremolite,  which  contains  no  iron,  and  there  is  50  per  cent  to  60  per  cent 
of  it  present,  in  place  of  the  smaller  proportions  of  the  bands  to  the  south.  The 
actinolite  forms  an  interlacing  network  of  cleanly  crystallized  laths,  and  andesine 
of  the  same  composition  as  before  (Ab^j^jAn^^)  for™s  small  grains  filing  the  inter- 
stices between  the  laths.  A  very  few  grains  of  quartz  are  probably  present.  Zircon 
is  accessory. 

The  latter  band  grades  on  the  north  into  the  normal  medium-grained  feld- 
spathic  gabbro  of  the  top  of  the  sill,  comx>08ed  of  about  equal  x>arts  of  common  horn- 
blende, and  andesine  (Ab^^  An^^,),  with  a  little  quartz,  zircon,  apatite,  and  calcite. 
The  f eldspathic  gabbro  gradually  becomes  coarser  in  texture  northward,  and  so  merges 
into  the  very  coarse-grained,  highly  f eldspathic  type  that  forms  roughly  the  southern 
third  of  the  whole  silL  It  consists  of  about  75  per  cent  of  labradorite  feldspar  (Ab,^ 
An^o)*  ®^^  green  hornblende,  with  accessory  biotite,  magnetite,  and  titanite.  The 
grain  of  the  crystals  averages  about  4  mm.,  and  the  large  crystals  of  feldspar,  which 
show  no  sign  of  alteration,  are  crowded  with  small  lath-like  inclusions  of  the  horn- 
blende.   The  hornblende  also  occurs  in  large  original  crystals. 

The  coarsely  crystalline  material  described  gives  place  in  turn  to  a  medium- 
grained,  dark  grey  diorite  or  gabbro,  that  near  the  contact  of  the  two  types  is  com- 
posed of  about  66  per  cent  of  labradorite  (Abg^^^^  to  Abg^An^j)  and  85  per  cent  of 
actinolite — in  small  laths  about  0»1  to  0'15  bmu.  in  length.  The  average  grain  of  the 
feldspar  is  less  than  1  mm.  This  medium-grained,  dark  grey  rock  forms  the  northern 
two-thirds  of  the  silL 

At  the  contacft  of  the  medium-grained  type  and  the  coarse  feldspathic  type,  there 
is  a  broad  zone  of  hybrid  rock,  consisting  of  a  matrix  of  the  medium-grained  type 
that  surrounds  and  encloses  great  numbers  of  blebs  of  very  coarsely  crystalline 
materiaL  The  blebs  are  of  all  sizes  up  to  50  feet  in  length,  of  very  irregular  shape, 
with  rounded  flowing  outlines;  at  their  edges  they  show  a  rapid  gradation,  within 
about  an  inch,  into  the  finer-grained  material  of  their  matrix.  Their  composition  is 
like  that  of  the  feldspathic  material  on  the  south,  but,  if  anything,  slightly  coarser  in 
grain  and  more  feldspathic 

The  medium-grained  material  that  forms  the  northern  two-thirds  of  the  sill 
appears  in  the  field  to  be  of  much  the  same  composition  throughout,  except  at  the 
northern  edge.  Under  the  microscope,  however,  differences  may  be  observed.  The 
hornblende  of  the  rock  on  the  south  is  displaced  by  augite  toward  the  north,  and  the 
proportion  of  augite  to  feldspar  gradually  increases.  The  feldspar  remains  of  much 
the  same  composition,  but  decreases  in  proportional  amount.  The  rock  thus  changes 
from  a  hornblende  to  an  augite  gabbro. 

At  the  north  boundary  of  the  sill,  feldspar  disappears  entirely,  or  almost  so,  and 
the  bulk  of  the  rock  consists  of  augite  crystals,  crowded  together.     The  augite  is 
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colourless  in  thin  section,  and  perfectly  fresh.  For  6  or  8  feet  from  the  northern 
contact  the  rock  is  finer  in  grain  than  elsewhere,  the  result  presumably  of  chilling. 
The  crystals  in  the  chilled  zone  average  0-05  mm.  in  diameter,  and  are  approximately 
equidimensional.  This  matrix  of  fine-grained,  fresh  augite  crystals  contains  augite 
crystals  of  much  larger  size,  up  to  1-2  mm.  diameter,  but  otherwise  like  the  crystals 
in  the  matrix. 

The  matrix  also  contains  crystals  of  common  green  hornblende  up  to  12  mm. 
or  more  in  length  and  commonly  gathered  together  in  small  blebs  up  to  a  foot  in 
length.  Most  of  the  hornblende  crystals  are  fresh',  but  some  of  them  have  suffered 
an  alteration  that  will  be  described  later.  Finally,  sulphides  and  oxides  of  various 
kinds  are  present.  Pyrrhotite  is  the  sulphide,  magnetite  the  oxide,  present  in  greatest 
amount,  and  chalcopyrite,  pentlandite,  and  ilmenite  are  minor  constituents.  They  may 
be  aggregated  in  solid  masses,  or  scattered  in  grains  of  various  sizes. 

The  changes  in  composition  from  south  to  north  may  be  summarized  as  follows: 

1.  Quartz  diorite — quartz,  andesine,  tremollte. 

2.  Quartz  diorite — andesine,  actlnollte,  a  little  quartz. 

3.  Quartz  dlorlte^-andesine,  common  hornblende,  a  little  quartz. 

4.  Hornblende  gabbro— labradorite,  hornblende;  coarse-grained,  highly  feldspathlc 

5.  Hybrid  phase — mixture  of  4  and  6. 

6.  Hornblende  gabbro — labradorite,  hornblende;  less  feldspathlc  than  No.  4,  mediam- 

gnrained. 

7.  Augite  gabbro — labradorite,  augite. 

8.  Augite — ^pure  augite,  with  blebs  of  hornblende,  magnetite,  and  sulphides. 

Differentiation 

The  above  table  indicates  a  uniform  variation  in  the  specific  gravity  of  the  various 
rock  types  between  the  south  and  north  edges  of  the  sill.  The  specific  gravities  of 
the  different  minerals  present  are:  quartz,  2-66;  andesine,  2-67;  labradorite,  2-713; 
tremolite,  2-93;  actinolite,  2-99;  hornblende,  3«11;  augite,  8 •1-3- 2;  pyrrhotite,  4-6; 
chalcopyrite,  4  •2.  Without  making  specific  gravity  determinations  of  the  various 
rock  types  it  is  evident  that  the  rocks  on  the  south  side  are  aggregates  of  the  lighter 
minerals,  and  that  the  specific  gravity  of  the  various  mixtures  must  increase  con- 
tinuously to  the  northern  edge,  where  the  rock  is  composed  exclusively  of  the  heaviest 
minerals,  augite,  hornblende,  and  the  sulphides.  A  variation  of  this  sort  is  only  pro- 
duced, so  far  as  known,  by  the  action  of  gravity  on  a  molten  mass  of  rock  throughout  a 
long  period  of  time.  The  action  causes  the  heavy  constituents  of  the  crystallizing  rock 
magma  to  seek  tbe  bottom  of  the  igneous  mass,  whereas  the  lighter  constituents 
naturally  take  up  their  positions  at  the  top.  This  process,  by  which  a  magma  of 
originally  uniform  composition  is  separated  into  rocks  of  widely  different  composi- 
tion, is  known  as  differentiation. 

Several  theories  have  been  advanced  as  to  the  method  by  which  differentiation 
is  brought  about  A  detailed  consideration  of  these  is  out  of  place  in  this  report, 
but  the  most  plausible,  in  the  writer's  opinion,  is  that  advocated  strongly  in  recent 
years  by  Bowen,^  which  supposes  that  during  the  slow  course  of  crystallisation  of  a 
body  of  magma,  the  first-formed  crystals  sank  through  the  hot  liquid  toward  the 
bottom  of  the  sill.  Although  any  constituent  present  in  large  amount  may  crystallize 
first,  the  first  crystals  formed  are  usually  those  of  basic  minerals,  such  as  magnetite, 
ilmenite,  sulphides,  olivine,  pyroxene,  and  hornblende.  Each  of  these  minerals  contains 
relatively  larger  proportions  of  iron,  magnesia,  lime,  and  alumina,  and  smaller  pro- 
portions of  silica,  potash,  and  soda,  than  an  original  gabbro  magma.  Their  crystal- 
lization and  sinking,  therefore,  leave  the  upper  parte  of  the  magma  richer  in  silica, 
soda,  potash,  and  volatile  constituents  than  at  first,  whereas  the  lower  parts  are 
enriched  in  the  constituents  carried  down,  i.e.,  magnesia,  iron,  lime,  and  to  some 
extent,  alumina.  As  long  as  this  process  continues,  therefore,  the  upper  parts  of  the 
magma  become  more  siliceous,  the  lower  parts  more  basic. 


iBowen,  N.  L*.,  Journal  of  Geology,  vol.  28  (1916),  Supplement. 
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The  facts  supporting  this  step,  supplied  hy  a  study  of  the  Oiseau  River  sill,  may 
be  listed  as  follows: 

The  uniform  increase  in  the  specific  gravity  of  the  different  parts  of  the  sill,  from 
south  to  north,  indicates  that  a  gravitative  differentiation  has  occurred. 

The  composition  of  the  minerals,  taken  in  conjunction  with  the  proportions  in 
which  they  are  present  in  the  different  rock  types,  shows  that  southern  types  are 
relatively  rich  in  silica  and  soda,  whereas  lime  and  magnesia  are  small  in  amount,  and 
iron  is  altogether  absent  The  northern  types,  on  the  contrary,  are  very  rich  in  iron, 
nia^^nesia,  and  lime,  with  minimum  amounts  of  silica  and  little  or  no  soda. 

Hornblende,  mica,  and  quartz  are  all  minerals  that  characteristically  crystallize 
from  "wet*'  magmas,  that  is,  magmas  containing  a  good  deal  of  water  and  o^er  volatile 
confititutente,  whereas,  augite  is  equally  characteristic  of  "dry"  magmas,  containing 
small  amounts  of  water.  The  presence  of  hornblende,  mica,  and  quartz  in  the  eouthem 
parte  of  the  siH,  and  of  augite  in  the  more  northern  parts,  indicates  that  the  volatile 
constitutents  of  the  magma  were  segregated  in  the  aoutheom  parts,  in  the  manner 
required  by  the  hypothesis. 

The  above  tends  to  prove  gravitative  differentiation,  without  favouring  the  method 
of  differentiation  advocated  by  Bowen  above  those  advanced  in  other  theories  of 
differentiation.  The  following  facte,  however,  prove  more  definitely  that  crystal 
sinking  occurred: 

The  large  crystals  of  augite  in  the  finely  crystalline  augite  of  the  north  edge  of 
the  sill  may  have  sunk  to  their  present  position  from  higher  levels.  On  the  contrary, 
they  may  also  have  formed  in  place,  like  phenocryste,  having  commenced  their 
crystallization  sooner  than  the  crystals  of  the  matrix,  and  thus  had  a  longer  i>eriod  of 
growth.  In  itself,  therefore,  the  presence  of  these  crystals  constitutes  no  decisive 
proof  of  sinking,  but  their  association  with  large  hornblende  crystals  does  indicate 
sinking.  The  hornblendes  cannot  be  phenocrysts  formed  in  place,  as  the  conditions 
requisite  for  the  formation  of  hornblende  and  augite  differ  considerably,  and  if 
phenocrysts  were  formed  in  place  at  all,  they  were  augite  phenocrysts.  The  hornblendes 
could,  therefore,  attain  their  present  position,  only  by  sinking  from  the  upper  levels  of 
the  magma  where,  as  the  composition  of  those  parts  shows,  it  would  form. 

The  blebs  of  coarsely  crystalline  feldspar  and  hornblende  found  at  the  southern 
ed^e  of  the  medium-grained  hornblende  gabbro  zone  (No.  6,  page  16)  are  explained 
in  a  similar  way.  The  large  crystals  of  which  the  blebs  are  composed  must  have 
commenced  their  crystallization  sooner  than  the  comparatively  small  crystals  by 
which  they  are  surrounded  and  would  be  among  the  first  crystals  to  form  in  the 
liquid  magma.  But  the  labradorite  crystals,  instead,  of  being  heavier  than  the  sur- 
rounding magma,  as  were  the  hornblendes,  were  lighter,  and  would  tend  to  float  up 
through  it.  Rising,  they  would  encounter  other  crystals  and  be  rafted  with  them 
to  form  the  aggregates  now  foimd.  During  this  process  a  number  of  hornblende 
crystals  were  included  in  the  rafts,  but  the  feldspars  were  apparently  sufficiently 
lighter  than  the  surrounding  magma  to  support  these.  They  would  rise  through  the 
molten  magma,  become  more  acid  and  lighter  upwards,  until  they  reached  the  horizon 
at  which  the  specific  gravity  of  the  liquid  was  equal  to  that  of  the  crystal  masses, 
and  would  float  there  imtil  consolidation  took  place. 

After  the  magma  hardened  into  solid  rock,  further  cooling  was  undoubtedly 
accompanied  by  cracking.  Into  the  fissures  so  formed  flowed  the  still  liquid,  highly 
siliceous  residues  of  the  magma,  forming  the  present  aplite  dykes. 

Nomenclature 

As  the  writer,  in  naming  the  rock  of  the  sill  gabbro,  instead  of  norite,  differs 
from  previous  ^v^iters  on  the  subject,  it  may  be  well  to  summarize  briefly  the  evidence 
for  doing  so. 
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The  writers  mentioned — ^R.  J.  Colony  and  W.  S.  McCann — studied  the  Maskwa 
River  sill,  a  body  identical  with  the  Oiseau  River  siU  in  every  respect,  lying  12  miles 
to  the  north.    Colony's  statement  as  to  the  petrography  of  the  sill  is  as  follows  :* 

"The  norite  is  of  simple  composition,  but  varies  both  in  texture  and  mineral 
make-up  to  some  degree  because  of  differentiation.  In  general  it  is  composed  almost 
wholly  of  basic  feldspar  ranging  from  andesine  to  labradordte,  and  carries  as  the 
only  ferromagnesian  component  a  green  amphibole,  or  actinolite,  derived'  by  uraliti- 
zation  from  a  former  magnesian  pyroxene,  probably  hyj^rsthene.  One  of  the  most 
striking  features  of  the  rock  is  the  manner  in  which  the  uralitized  pyroxene  encroaches 
upon,  cuts  through,  and  penetrates  the  feldspar  (which  is  otherwise  perfectly  fresh 
and  unaltered)  in  every  conceivable  direction;  it  is  clearly  a  product  of  magmatic 
end-phase-consolidation  matters  upon  an  original  containing  both  magnesia  and  iron, 
i.e.,  hypersthene." 

McCann  makes  no  statement  as  to  the  petrography  of  the  "  norite,"  beyond  stat- 
ing that  "The  following  petrographic  description  of  the  norite  by  Dr.  R.  J.  Colony 
agrees  with  the  present  writer's  observations." 

It  appears  from  the  above  description,  therefore,  that  the  rock  specimens  collected 
and  studied  by  Colony  did  not  contain  any  pyroxene,  but  only  hornblende,  correspond- 
ing thus  to  those  from  the  southern  half  of  the  Oiseau  River  sill;  and,  further,  that 
finding  it  naturally  difficult  to  believe  that  sulphides  would  be  segr^ated  from  a 
rock  with  composition  such  as  he  described,  he  concluded  it  better  to  assume  that  the 
hornblende  was  formed  by  the  alteration  of  a  hypothetical  primary  mineral,  hypers- 
thene,  even  though  no  remnant  of  such  an  original  mineral  is  left,  or  no  indication 
that  such  an  alteration  had  taken  place  is  to  be  seen. 

The  writer's  examination  indicates  that  augite,  not  hypersthene,  is  the  pyroxene 
present  in  the  intrusive.  It  is  possible  that  a  more  detailed  examination  might  reveal 
hypersthene  or  enstatite,  but  none  was  found  in  the  three  thin  sections  from  the 
basal  parts  of  the  sill  that  were  studied.  The  rock  is,  therefore,  properly  a  gabbro 
rather  than  a  norite. 

Neither  can  the  writer  agree  with  Colony  that  the  hornblende  has  resulted  from 
the  alteration  of  pyroxene.  The  hornblende  forms  massive,  often  very  large  crystals^ 
lacking  entirely  the  leafy  structure  usually  found  in  the  alteration  product  of 
pyroxene.  Again,  it  rarely  happens  that  large  crystals  of  pyroxene  alter  to  hornblende 
so  completely  that  there  are  not  some  small  remnants  of  pyroxene  remaining  in 
some  of  them.  Nothing  of  the  sort  is  here  observable.  Further,  numerous  small  crystals 
of  hornblende  enclosed  in  large  crystals  of  perfectly  fresh  labradorite  are  to  be  seen  in 
many  thin  sections.  If  these  are  alteration  products  of  pyroxene.it  is  difficult  to 
see  how  solutions  could  have  saturated  the  feldspars  so  completely  as  to  cause  the 
altevation,  without  at  the  same  time  altering  the  feldspar.  Finally,  the  augite  found 
in  the  basal  parts  of  the  sill  is  without  the  smallest  sign  of  alteration,  even  where 
filled  with  blebs  and  veinlets  of  sulphide,  where  alteration  might  naturally  be  expected. 

The  writer  has,  therefore,  concluded  that  the  hornblende  present  is  not  an  altera- 
tion product  of  pyroxene,  but  was  normally  formed  during  the  crystallization  of  the 
upper  parts  of  magma;  presumably  because  there  was  in  these  parts  a  concentration 
of  the  water  and  other  volatile  constituents  of  the  magma. 

Structural  Relations 

Structwre  of  ihe  Intrusive.  The  large  mass  of  gabbro  in  Oiseau  River  area 
parallels  the  bedding  of  the  Rice  Lake  series  in  a  general  way,  and,  therefore,  ib 
termed  a  sill.  For  a  great  part  of  its  length  the  intrusive  has  followed  the  contact 
of  the  granite  and  Rice  Lake  series,  but  toward  its  west  end  it  has  left  this  contact 
and  broken  across  the  Rice  Lake  series  to  the  contact  between  the  volcanics  and  the 
sediments.  The  north  contact  of  the  gabbro  and  granite,  seen  in  several  places,  is 
vertical  or  steeply  inclined  to  the  south,  corresponding  to  the  general  dip  of  the  Rice 
Lake  series.  ^  ,  * 

1  Colony.  R.  J..  Bull.  C.I.M.M.,  No.  108.  p.  867. 
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Figure  4.    Diagram  showing  a  possible  mode  of  intrusion  of  the  firabbro  of 
Oiseau  Lake  area. 
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Detailed  mapping  of  the  boundaries  shows  that  the  gabbro  does  not  form  a  normal 
sill,  however,  but  is  made  up  of  a  number  of  sections  of  different  widths.  The  width 
of  the  individual  sections  is  nearly  uniform  from  end  to  end,  and  the  strike  of  each 
section  is  approximately  parallel  to  that  of  the  adjacent  Rice  Lake  series.  The 
narrowest  section  is  only  about  500  feet  in  width;  the  widest  over  6,000  feet.  At 
the  junction  of  two  sections,  the  end  of  the  wider  is  a  straight  line  running  nearly 
north  and  south. 

The  mapping  also  shows  that  all  the  changes  in  width  are  effected  by  the  shifting 
of  the  north  boundary  only;  the  south  boundary  of  the  sill  is  a  gently  curving  line 
with  a  general  east  and  west  direction.  In  section  the  sill,  therefore,  looks  like  a 
succession  of  rectangular  blocks  of  different  thickness,  placed  end  to  end  on  a  gently 
curving  surface. 

Search  for  the  cause  of  these  peculiarities  revealed  that  the  north-south  lines 
bounding  the  ends  of  the  thicker  blocks  are  faults  that  Have  formed  belts  of  schist 
of  varying  width  in  the  older  rocks  but  dad  not  fracture  and  displace  the  gabbro, 
since  its  southern  boundary  ie  not  displaced.  The  faults  were  there  before  the  gabbro 
was  intruded,  and  merely  controlled  the  intrusion. 

An  attempt  to  portray  the  possible  mechanics  of  the  intrusion  has  been  made 
in  Figure  4.  Figure  4  A  represents  the  supposed  original  structure  of  the  rocks  after 
faulting  had  occurred,  and  before  the  intrusion  of  the  gabbro.  The  gabbro  may  be 
supposed  to  have  entered  first  into  the  deeper  fault  blocks,  splitting  them  apart  along 
the  contact  of  the  granite  and  Rice  Lake  series,  and  raising  bodily  the  overlying 
mass  of  Rice  Lake  series  (Figure  4  B).  When  the  block  was  raised  so  far  as  to  bring 
the  gabbro  up  to  the  granite — ^Rice  Lake  aeries  contact  in  the  next  fault-blods,  the 
gabbro  entered  along  this  plane  also  and  proceeded  to  raise  the  adjacent  block  of 
Rice  Lake  series  (Figure  4  C).  Repetition  of  the  process  might  produce  the  present 
condition  (Figure  4  D). 

Intrusion  of  the  gabbro  was  controlled,  primarily  by  the  bedding  of  the  Rice 
I^ake  series,  and  secondarily  by  the  faults  cutting  that  series  and  the  earlier  granite. 
The  question  still  remains  to  be  considered,  was  the  sill  intruded  in  its  present 
vertical  or  steeply  inclined  position,  or  was  it  folded  into  that  position  after  its 
intrusion  and  consolidation.  The  writer  believes  that  the  facts  already  presented 
support  the  view  that  when  the  sill  was  intruded  it  lay  either  in  a  horizontal  or  at 
most  a  gently  inclined  position,  and  that,  therefore,  it  has  been  thrown  into  its 
present  steeply  inclined  position  by  later  folding. 

The  beds  and  flows  of  the  Rice  Lake  series  are  so  folded  that  their  former  upper 
side  now  faces  toward  the  south.  If  the  sill  was  intruded  before  the  Rice  Lake 
series  attained  this  i)o&ition,  its  south  side  should  also  be  the  upper  eide,  and  diould 
exhibit  characteristic  features  accordingly.  On  the  contrary,  if  the  gabbro  was 
intruded  in  its  present  position,  and  has  maintained  that  position  unchanged  since 
intrusion,  there  would  be  no  reason  to  expect  the  southern  edge  to  differ  in  any  way 
from  the  northern  edge,  any  more  than  the  two  edges  of  a  large  dyke  differ  from 
each  other.  But  it  has  already  been  pointed  out  that  there  are  very  great  differences^ 
both  in  composition  and  grain,  between  the  northern  and  southern  parts  of  the  sill; 
and  that  these  differences  are  such  as  could  be  produced  by  gravitative  differentia- 
tion. In  fact  the  differences  are  identical  with  those  produced  by  gravitative  differ- 
entiation in  gabbros  that  have  been  undisturbed  since  consolidation;  and  whose 
original  top  and  bottom  are,  consequently,  definitely  known. 

The  variations  in  the  composition  of  the  sill,  therefore,  indicate  that  it  once 
lay  in  a  flatter  position  than  at  present,  and  that  it  has  been  so  folded  as  to  make  the 
original  upper  side  face  the  eoutJi.  There  are  two  other  facts  tending  to  confirm  this 
conclusion.  The  granite  on  the  north  side  of  the  sill  is  filled  with  dykes  of  gabbro 
trending  toward  the  large  sill,  but  no  such  dykes  occur  on  the  south  side.  If  the 
sill  was  originally  flat-lying,  the  dykes  were  probably  its  feeders,  and  as  such'  must 
lie  on  its  original  lower  eide.  If  the  sill  was  intruded  in  a  vertical  position  originally, 
there  would  be  no  need  for  such  feeders,  and  the  dykes  must  be  supposed  to  be  merely 
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oflFshoots  of  the  larger  body;  in  which  case  it  is  difficult  to  see  why  they  should  be 
confined  to  the  north  side  of  the  sill. 

Finally,  intrusion  of  the  sill  was  controlled  by  the  faults  of  the  region,  in  such 
a  way  that  the  inflowing  igneous  rock  pushed  out  the  rocks  on  the  present 
south  side,  giving  the  south  side  a  smoothly  flowing  outline.  This  is  conceivable 
if  the  sediments  now  forming  the  south  side  were  flat-lying  at  the  time  of  intrusion, 
and  hence  free  to  move  upward,  but  it  is  very  difficult  to  explain  if  the  rocks  at  the 
time  of  intrusion  lay  in  their  present  position,  for  intrusion  must  in  the  latter  case 
have  been  accompanied  by  great  horizontal  compression. 

The  writer  believes  that  these  reasrone  justify  the  conclusion  that  the  Oiseau 
River  sill  has  been  tilted  into  its  present  position  since  its  intrusion.  It  has  already 
been  shown,  however,  that  the  first  period  of  folding  undergone  by  the  Rice  Lake 
series  preceded  the  period  of  faulting,  and  probably  preceded  or  accompanied  the 
intrusion  of  the  earlier  granite.  Yet  the  gabbro  srill  was  intruded  after  faulting,  and 
lay  almost  flat  during  its  consolidation.  To  reconcile  these  apparently  inconsistent 
facts  we  must  conclude  that  the  first  period  of  folding  affecting  the  Rice  Lake  rocks 
was  not  very  severe  and  produced  rather  low  dips,  not  over  20  degrees  or  30  degrees 
perhaps.  The  gabbro  could  have  been  intruded  as  a  sill  into  rocks  with  such  dips, 
and  still  have  undergone  the  gravitative  differentiation  it  now  exhibits.  It  is  of 
interest  in  this  connexion  that  there  is  good  evidence  to  prove  that  the  first  foldimg 
affecting  the  Keewatin  rocks  to  the  south  of  James  bay  gave  these  rocks  dips  of 
about  20  degrees. 

Relations  to  Other  Formaiions,  The  gabbro  is  found  in  contact  with  only  three 
of  the  rock  formations  of  the  district,  the  Rice  Lake  series,  and  the  earlier  and  later 
granites.  Its  relations  to  the  dyke  rocks  of  the  Rice  Lake  area  are,  therefore,  tuideter- 
mined.  The  feeders  of  the  gabbro  sill  cut  through  the  earlier  granite  in  Oiseau 
River  area,  and  the  sill  itself  is  chilled  at  the  edge  in  contact  with  the  earlier  granite. 
It,  therefore,  is  intrusive  into  the  earlier  granite,  and  into  the  older  Rice  Lake  series. 

The  gabbro  is  found  in  contact  with  the  later  granite  in  the  Maskwa  River  area. 
Good  contacts  indicate  that  the  granite  is  intrusive  in  the  gabbro.  At  one  diarp 
contact  the  massive  coarse-grained  granite  is  chilled  to  a  fine  grain,  and  possesses 
a  distinct  flow  structure  indicating  movement  of  the  chilled  and  viscous  granite  along 
the  contact,  whereas  the  gabbro,  very  coarse-grained  and  feldspathic,  maintains  its 
grain  unchanged  at  the  contact.  In  several  other  places  dykes  of  granite  cut  the 
gabbro,  but,  unlike  Oiseau  River  area,  no  dykes  of  gabbro  were  seen  in  the  granite. 

HASKWA  RIVER  GABBRO 

Maskwa  River  area  has  been  described  by  McCann  in  the  Summary  Report  of  the 
Geological  Survey,  1920,  and  a  report  on  the  same  district  has  also  been  made  by 
R.  J.  Colony.  These  writers  differ  somewhat  in  their  interpretation  of  certain  facts, 
and  both  assign  a  structure  to  the  Maskwa  River  gabbro  different  from  that  which 
the  writer  has  shown  the  Oiseau  River  mass  to  possess.  As  similarities  rather  than 
differences  might  reasonably  be  expected  in  two  bodies  of  nickel4)earing  gabbro  so 
close  together,  it  seemed  advisable  to  make  a  rapid  trip  into  Maskwa  River  area 
in  order  to  compare  the  two  gabbros,  and  to  obtain  data  that  might  reconcile  the 
differences  in  interpretation.  In  addition,  it  was  decided  to  examine  another  body 
of  gabbro  reported  a  short  distance  to  the  east  of  that  described  by  McCann. 

McCann  and  Colony  show  by  the  structure  sections  accompanying  their  maps 
that  they  consider  the  Maskwa  River  gabbro  to  be  a  stock-like  mass,  that  is,  a  body 
whose  depth  is  as  great  or  greater  than  its  length.  The  Oiseau  River  gabbro,  on  the 
contrary,  is  a  sill,  or  pancake-shaped  body;  and  in  addition,  the  sill  has  bean  tilted 
on  edge.  The  economic  importance  of  determining  the  structure  correctly  is  obvious. 
If  the  Maskwa  River  body  be  a  stock,  there  is  no  reason  why  nickel  ores  may  not  be 
found  at  any  point  along  the  outer  edge;  and,  since  the  ore  minerals  tend  to  sink 
through  the  molten  rock,  rather  than  to  move  toward  the  sides,  concentration  would 
not,  probably,  be  great  enough  at  the  sides  of  a  stock  to  make  valuable  ore-bodies.    If 
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on  the  other  hand,  the  mass  be  a  tilted  sill,  like  that  at  Oiseau  lake,  the  ores  will  o*i 
found  along  one  edge  only,  the  original  lower  edge,  and  concentration  might  be  great 
enough  to  form  ore-bodies.  ' 

McCann  and  Colony  differ  in  their  interpretation  of  the  geological  relationships 
of  certain  masses  of  Rice  Lake  lava  within  the  limits  of  the  Maskwa  River  intrusive. 
MoCann  regards  them  as  mere  inclusions — ^bits  of  lava  broken  off  during  the  intrusion 
of  the  molten  gabbro,  that  floated  around  in  it  until  it  consolidated.  Colony,  on  the 
other  hand,  considers  them  as  parts  of  the  roof  or  base  of  the  mass  brought  into  their 
present  position  by  faulting.  Colony  accordingly  maps  the  gabbro  and  Rice  Lake 
series  in  alternate  parallel  belts  separated  by  faults,  whereas  McCann  maps  the  gabbro 
as  a  single  large  mass  oontaining  isolated  bodies  of  Rice  Lake  lavas. 

If  Colony's  interpretation  were  correct,  and  the  masses  of  lava  were  parts  of 
the  base  on  which  the  intrusive  lies,  the  fact  would  be  of  the  greatest  importance  to 
the  prospector,  as  nickel  ores  might  be  expected  to  occur  along  all  the  contacts  of  the 
gaM)ro  and  Rice  Lake  rocks,  and  the  area  favourable  for  prospecting  would  he 
enormously  increased.  If  they  are  downfaulted  parts  of  the  roof,  no  ores  would 
occur  around  them.  If  they  are  inclusions,  then  again  they  will  not  influence  in 
any  way  the  deposition  of  ore-bodies. 

Examination  of  the  Maskwa  River  body  convinced  the  writer  that  it  is  similar 
in  every  way  to  the  Oiseau  River  mass.  Towards  its  north  side  it  has  the  same  very 
coarse  grain  and  highly  feldspathic  composition  that  distinguishes  the  south  side  of 
the  Oiseau  River  sill;  and  the  coarse-grained  material  gives  place  successively  to 
medium-grained  hornblende  gabbro,  augite  gabbro,  and  augitite  containing  large 
hornblende  crystals,  magnetite,  and  sulphides  in  exactly  the  same  manner  as  descra)ed 
for  the  Oiseau  River  sill.  All  the  sulphide  concentrations  occur  along  one  side  of  the 
body  of  gabbro — the  south  side.  The  writer,  therefore,  concluded  that  the  MaskwR 
River  mass  is  also  a  tilted  sill,  that  differs  from  the  Oiseau  River  sill  only  in  having 
the  upper  side  facing  north  instead  of  south.  Evidently  the  Maskwa  River  sill  lies 
on  the  north  side  of  the  anticline  of  which  the  Oiseau  River  sill  forms  the  south  side. 


Figure  5.     Diagram  showing  inferred  structure  of  Maskwa  River  sill  and  the 
.    removal  of  its  upper  part  by  erosion.     The  most  feldspathic  differentiate 

occurs  at  A. 

The  Maskwa  River  sill  does  not,  however,  appear  to  be  tilted  into  a  vertical 
position,  like  the  Oiseau  River  siU,  but  to  have  rather  a  low  northward  dip  of  20 
degrees  or  80  degrees.  This  conclusion  was  drawn  because  the  most  feldspathic 
differentiate  does  not  occur  at  the  northern  edge  of  the  eill,  but  20  to  25  chains  to 
the  south,  end  at  a  higher  elevation.  Figure  6  illustrates  the  relatione  lliat  occur, 
and  the  inferred  structure. 
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The  writer  then  investigated  the  contacts  of  the  bodies  of  Rice  Lake  series  lying 
within  the  gabbro  mass.  If  these  bodies  are  really  parts  of  the  original  roof  or  base- 
ment of  the  sill»  the  gabbro  should  show  chilled  edges  against  them,  for  such  chilled 
edges  are  prominent  features  of  true  contacts,  and  are  5  or  6  feet  in  width.  On  the 
contrary,  if  these  masses  are  merely  inclusions,  broken  off  by  the  fluid  gabbro,  and 
Heating  around  in  it  until  it  became  consolidiited,  they  would  have  become  thor- 
oughly heated  by  the  time  consolidation  occurred,  and  the  gabbro  in  contact  with 
them  would  not  be  chilled,  but  would  crystalHze  coarsely.  Examination  showed  that 
the  contacts  are  not  chilled,  and,  further,  that  the  bodies  of  Rice  Lake  series  have 
undergone  strong  heating,  or  baking,  as  might  be  expected  if  they  are  inclusions. 
Again,  there  is  no  difference  in  the  composition  of  the  gabbro  on  the  two  sides  of  a 
body  of  Rice  Lake  lava.  If  the  lava  was  a  part  of  the  original  basement  or  roof 
of  the  sill,  such  a  difference  in  comi>osition  would  be  inevitable.  The  bodies  of  Rice 
Lake  series  within  the  limits  of  the  Maskwa  River  intrusive  are,  therefore,  not  parts 
of  the  original  roof  or  basement  of  the  sill,  brought  into  their  present  i>osition  by 
faulting;  but  are  merely  inclusions  or  roof  pendants,  as  McCann  concluded.  It  follows 
that  they  have  no  influence  on  the  deposition' of  the  copper-nickel  ores,  and  ihat 
only  along  the  main  southern  contact  of  the  sill  with  the  Rice  Lake  series  may 
such  ores  be  expected  to  occur  in  paying  quantities.  The  writer  may  add  that  his 
traverses  indicate  that  the  inclusions  of  Rice  Lake  series  are  shorter  and  rounder 
than  as  mapped  by  McCann. 

An  important  shear  zone,  striking  north  70  degrees  west  and  dipping  50  degrees 
south  where  observed,  outs  the  Maskwa  River  gabbro,  crossing  the  west  boundary 
of  surveyed  timber  limit  2692  about  25}  chains  south  of  Cat  Creek  crossing  and  fiFJ 
chains  south  of  xwst  marked  T.B.  2692.  The  shearing  has  converted  coarse  feldapathic 
ffabbro  into  a  highly  fissile  schist.  Two  belts  of  schist,  4  feet  and  2  feet  wide  respec- 
tively, were  observed,  separated  by  3  or  4  feet  of  unsheared  rock.  In»formation 
received  from  prospectors  indicates,  however,  that  further  belts  of  sheared  rock  are 
present,  though  concealed  by  drift  where  the  writer  made  his  observations.  The  rock 
on  both  sides  of  the  fault  is  the  coarse  f eldspathic  gabbra  There  is  strong  magnetic 
variation  in  the  neighbourhood  of  the  sheared  zone,  probably  due  to  the  recrystallization 
of  some  of  the  iron  of  the  gabbro  as  magnetite,  during  the  shearing. 

The  writer  also  visited  the  newly-discovered  body  of  gabbro  lying  to  the  east  of 
the  body  described  by  McCann.  Time  did  not  permit  of  the  mapping  of  this  body, 
which  is  about  one-half  mile  in  width  from  north  to  south,  and  is  said  to  be  at  least 
2  miles  long.  It  is  heavily  covered  by  clay  and  wind-blown  sand,  so  that  outcrops 
are  scattered.  A  number  of  mining  claims  have  been  staked  on  this  body  by  Messrs. 
D.  A.  McLeod  and  A.  Campbell,  whose  camp  is  situated  near  its  west  end,  and  about 
3i  miles,  by  trail,  east  of  Restawhile  camp  on  Cat  creek  (See  map  No.  1841,  by  W.  S. 
McCann). 

The  newly -discovered  body  is  bounded  on  both  the  north  and  south  sides  by  the 
later  granite.  Good  proofs  were  obtained  that  the  granite  is  intrusive  into  the  gabbro. 
The  granite  has  stoped  away  almost  all  the  Rice  Lake  series  into  which  the  gabbro 
was  originally  intruded,  and  has  even  cut  into  the  sill  itself.  The  original  edges  of 
the  sill  being  thus  removed,  it  is  improbable  that  good  ore-bodies  will  be  found  along 
the  contacts.  If  parts  of  the  lower  contact  can  be  found,  along  which  there  still 
remains  some  of  the  older  Rice  Lake  series,  such  places  might  be  worth  prospecting. 

Like  the  Maskwa  River  sill,  this  one  appears  to  lie  at  a  low  angle,  with  a  dip 
to  the  north,  so  that  the  southern  edge  is  the  one  along  which  deposits,  if  present, 
are  likely  to  occur. 

LATER  GRANITE 

The  later  granite  occurs  around  Maskwa  river  from  the  mouth  to  the  nickel 
deiN>9it6;'On  Winnipeg  river  from  Maskwa  river  down  to  lake  Winnipeg;*  and  up 
Manigotagan  river  from  lake  Winnipeg  to  Clearwater  lake.  It  may  occupy  the  whole 
of  the  belt  between  these  districts. 
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Petrography 

The  later  granite  is  a  coarse-grained,  grey,  white,  or  pink  rock,  commonly  equi- 
granular,  but  locally  exhibiting  strong  porphyritic  textures.  The  composition  appears 
to  vary  somewhat  in  thin  section,  different  sections  containing  from  10  per  cent  to  ae 
much  as  40  per  cent  of  quartz.  The  ferromagnesian  mineral  is  either  all  biotite,  or  a 
mixture  of  horniblende  and  biotite.  It  is  usually  small  in  amount^  although  forming 
perhaps  15  per  cent  of  the  rock  aroiind  Maskwa  lake.  A  little  muscovite,  apatite,  and 
zircon  may  be  present.  The  feldspar  is  largely  or  entirely  albite  or  aMte-oligoelase, 
variations  in  composition  from  pure  albite  to  Ab^^  -^.n^^j  being  observed  in  different 
districts.  Microcline  may  also  be  present,  in  greater  or  less  amount.  In  a  section 
from  the  mouth  of  Maskwa  river  microcline  forms  two-thirds  of  the  total  feldspar;  in 
a  section  from  the  neighbourhood  of  the  Maskwa  River  nickel  deposits,  about  one- 
fourth  ;  and  in  a  section  from  Clearwater  lake,  on  Manigotagan  river,  no  microcline  was 
observed. 

In  places  the  granite  exhibits  gneissic  phases,  due  to  the  flow  movements  of  the 
viscous  magma  during  consolidation,  and  to  digestion  of  inclusions. 

Metamorphism  of  Rice  Lake  Series 

Around  Clearwater  lake  (Rice  Lake  district)  the  intrusion  of  the  later  granite 
has  strongly  metamorphosed  the  older  Rice  Lake  series.  Along  the  contact  there  is 
a  zone  of  Rice  Lake  series  about  half  a  mile  in  width,  that  has  been  so  metamorphosed 
and  intruded  lit-par-lit  by  the  granite,  that  it  is  almost  impossible  to  draw  a  boundary 
line  between  the  two.  The  boundary,  shown  on  the  map,  represents  the  southern 
boundary  of  unaltered  Rice  Lake  series,  to  the  south  of  which  lies  the  one  of  granite 
dykes  and  altered  Rice  Lake  rocks,  all  mapped  together  with  the  granite. 

The  alteration  of  the  Rice  Lake  lavas  in  the  contact  zone  appears  to  have  been 
largely  a  granitization ;  that  is  to  say,  the  older  rocks  seem  to  have  absorbed,  like  a 
sponge,  much  siliceous  and  feldspathic  material  from  the  granite.  This  material, 
entering  along  planes  of  schistosity  and  other  channels,  acidified  the  older  rock  both  by 
admixture  and  by  combining  chemically  with  some  of  the  more  basic  constituents. 
The  resulting  rocks  are  hybrids,  like  neither  of  the  parents,  but  with  some  of  the 
characteristics  of  both.  Most  of  them  retain  more  or  less  perfectly  the  bedding  or 
schistosity  of  the  Rice  Lake  lavas  and  their  greenish  colours;  but  differ  in  being 
highly  quartzose,  more  feldspathic,  and  coarser  grained. 

Structural  Relations 

Jointing  and  Faulting,  The  later  granite  is  cut  by  numierous  joints  and  faults 
with  small  displacements,  not  exceeding  a  couple  of  inches.  Large  faults  with  wide, 
sheared  zones,  such  as  are  found  in  the  older  rocks,  do  not  occur  in  the  later  granite. 
Where  such  belts  of  schist  strike  from  the  older  rocks  towards  the  granite,  they  are 
cut  sharply  off  M  the  contact,  and  the  projection  of  the  fault  line  is  marked  merely 
by  a  joint.  Evidently  the  later  granite  was  intruded  subsequent  to  the  main  periods 
of  faulting,  but  slight  movements,  of  sufficient  strength  to  joint  the  granite  and  fault 
it  slightly,  followed  the  intrusion. 

The  jointing  in  the  granite  follows  the  same  trends  as  the  earlier  faults  of  the 
district.  There  are  in  all  three  or  four  sets  of  these  joints  and  small  faults,  which, 
although  undoubtedly  produced  all  within  a  short  time,  exhibit  a  definite  sequence  of 
formation. 

The  first  to  be  formed  comprises  apparently  two  sets,  one  striking  north  10 
degrees  east,  the  second  north  50  degrees  east,  although  there  is  some  variation  from 
these  directions.  Those  striking  north  10  degrees  east  seem  to  be  merely  joints, 
without  horizontal  displacement  of  any  kind  between  the  two  sides;  but  thin  seams 
of  black  gouge-like  material  in  them  suggest  that  there  might  have  been  a  little 
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vertical  movement  Those  striking  north  50  degrees  east  are  distinct  faults,  witli 
small  horizontal  displacements.  The  northwest  side  has  been  shifted  toward  the 
southwest 

A  third  set  of  small  faults  has  a  general  strike  of  north  20  degrees  west  In 
these  the  east  side  is  displaced  horizontally  toward  the  south,  like  the  larger  faults. 
in  the  Rice  Lake  series.  These  small  faults  are  distinctly  later  than  the  first  set  of 
joints,  for  joints  between  a  pair  of  jthe  faults  have  been  rotated  and  widened 
(Figure  6).  Their  relations  to  the  faults  striking  north  50  degrees  east  are  not 
definitely  known. 


Plifure  «. 


Dia^am  showing:    (A)   rotation  and  widening  of  a  Joint  between  two 
small  faults;    (B)   relation  of  Joints  to  a  fault. 


All  these  joints  and  faults  are  filled  locally  with  thin  dykes  of  aplite,  indicating 
that  they  must  have  been  formed  very  soon  after  the  consolidation  of  the  granite, 
while  there  was  still  some  liquid  siliceous  magma  left  to  fill  them. 

The  last  set  of  small  faults  has  a  general  strike  of  north  70  degrees  west.  Ikfove- 
ment  along  them  has  been  almost  horizontal,  as  shown  by  the  direction  of  the  fault 
stride,  which  rarely  dip  more  than  30  degrees.  The  north  side  of  these  faults  has  be.n 
quite  uniformly  shifted  toward  the  west,  as  shown  by  the  displacement  of  small  aplite 
dykes.  These  faults  are  commonly  filled  with  hard  vitreous  quartz,  probably  the 
last  exhalation  of  the  granite  magma.  In  places  the  quartz  has  been  shattered,  imply- 
ing slight  further  movement  after  the  deposition  of  the  quartz. 

The  formation  of  the  latter  faults  has  b^n  accompanied  by  jointing  of  rather 
irregular  direction.  Figure  6  B  shows  the  connexion  of  the  joints  with  a  fault,  and 
indicates  the  variation  in  their  strike.  Slight  movement  along  the  joint  planes  may 
also  be  observed. 

Relations  to  Other  Fonnations,  The  later  granite  intrudes  all  the  other  rocks  of 
the  region,  and  hence  is  the  youngest  rock  present.  In  Maskwa  River  area  it  cuts 
into  the  gabbro,  sends  dykes  into  it,  and  shows  a  chilled  edge  with  a  gneissic  texture 
against  it  In  Rice  Lake  area  it  intrudes  and  metamorphoses  the  Rice  Lake  series, 
and  cuts  off  the  diabase  dykes  that  intrude  it.  Dykes  of  the  granite  also  pierce  the 
Rice  Lake  series,  and  cut  across  all  the  other  dykes  of  the  vicinity. 
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CORRELATION 

No  extensive  correlation  of  the  eastern  Manitoba  district  with  others  can  be 
attempted  at  present,  both  on  account  of  the  lack  of  work  in  intermediate  areas,  and 
the  scantiness  of  the  geologrical  record  in  the  areas  studied.  However,  attention  naay 
be  called  to  the  similarity  of  the  granites  to  those  described  by  Lawson  in  the  Rainy 
Lake  area  150  miles  to  the  southeast.  Lawson  states^  that  in  the  Bainy  Lake  area 
there  are  granites  of  two  ages.  The  older,  which  he  terms  Laurentian,  has  suffered 
from  marked  deformation  and  shearing,  whereas  the  younger,  termed  by  him  Algoman, 
is  typically  fresh  and  unsheared.  The  similarity  to  the  granites  of  eastern  Manitoba 
is  self-evident,  and  it  seems  probable,  therefore,  that  the  Manitoba  granites  were 
intruded  at  the  same  time  as  those  around  Eainy  lake. 

The  Rice  Lake  series  bears  the  same  relation  to  the  earlier  granite  as  Lawson's 
Keewatin  bears  to  his  Laurentian  granite.  The  Rice  Lake  series  may,  therefore, 
be  tentatively  correlated  with  the  Keewatin  of  Rainy  lake. 

ECONOMIC  GEOLOGY 
Niokel-Copper  Deposits 

Discoveries  have  been  made  in  Oiseau  (Bird)  and  Maskwa  (Bear)  River  areas 
of  bodies  of  sulphides  containing  considerable  quantities  of  nickel  and  copper.  Those 
at  Maskwa  river  have  already  been  described  by  McCann. 

The  principal  ore  mineral  in  both  districts  is  pyrrhotite  containing  more  or  less 
pentlandite  and  chalcopyrite.  Hmenite  and  magnetite  are  also  present  in  large 
quantity.  In  each  district  the  ore  minerals  are  concentrated  within  the  gabbro  near 
the  oriirinal  base  of  the  sill.  In  Oiseau  River  area  this  is  the  northern  contact;  in 
Maskwa  Lake  area  the  southern  contact.  Elsewhere  in  the  sills  only  an  occasional 
grain  of  sulphide  or  magnetite  may  be  found  here  and  there. 

The  sulphides  and  oxides  do  not  occur  in  veins,  but  as  irregularly  shaped  accumu- 
lations, or  segregations,  within  the  gabbro.  In  places  the  concentration  has  been 
sufficient  to  form  solid  masses  of  ore  minerals  several  feet  in  thickness.  Where  less 
concentrated,  the  ore  minerals  are  mixed  with  varying  amounts  of  the  minerals  of 
the  gabbro.  There  is  no  sharp  boundary  between  a  mass  of  ore  and  the  surroimding 
rock;  the  proportion  of  ore  minerals  very  gradually  decreases,  and  that  of  the  rock 
minerals  increases,  until  pure  gabbro  results. 

The  concentration  along  the  lower  edge  of  the  sills  ranges  from  solid  masses  of 
sulphide  or  oxide  in  one  place  to  sparse  accumulations  too  lean  to  form  ore  in  other 
places.  From  north  to  south,  however,  the  concentration  varies  more  uniformly,  being 
always  greatest  near  the  former  bottom  of  the  sill  and  becoming  rapidly  less  upward. 
The  basal  zone  containing  a  iio table  proportion  of  sulphides  is  rarely  over  100  feet  in 
thickness,  and  commonly  less. 

The  facts  that  the  sulphides  are  scattered  throughout  the  gabbro,  and  the  rock 
minerals  form  everywhere  the  gangue  in  which  they  occur,  indicate  that  they, 
together  with  the  magnetite,  are  original  constituents  of  the  magma.  They  are 
the  heaviest  constituents  of  the  rock,  and  are  everywhere  found  concentrated  along 
the  original  base  of  the  sill,  and  they,  therefore,  like  the  augite  and  hornblende  of  the 
rock,  sank  while  the  main  part  of  the  intrusive  was  still  liquid.  Hence  the  ordinary 
processes  of  gravitative  differentiation  have  caused  the  primary  concentration  of  the 
sulphides,  as  at  Sudbury. 

Examination  of  thin  sections  of  ore  and  rock  from  the  base  of  the  sill  shows,  how- 
ever, that  processes  of  secondary  concentration  have  also  been  busy.  The  large 
crystals  of  green  hornblende  are  in  places  cracked  across,  and  solutions  entering  the 
cracks  have  leached  the  iron  from  the  green  hornblende,  forming  a  colourless  variety, 
tremolite,  for  from  one -fourth  to  one-half  millimetre  on  each  side      The  alteration 

1  Lawson,  A.  C,  Geol.  Surv.,  Can.,  Mem.  40,  1913. 
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may  extend  for  several  times  this  distance,  along  cleavage  cracks  in  the  hornblende.'' 
The  tremolite  so  produced  may  be  massive  and  optically  continuous  with  the  original 
hornblende,  extinguishing  with  it;  or  it  may  form  a  multitude  of  grains,  laths,  and 
fibres.  Calcite  and  sulphides  fill  the  fissures,  and  also  to  a  small  extent  replace  the 
tremolite;  the  sulphide  appears  in  places  to  be  slightly  later  than  the  calcite,  and  to 
replace  it  Small  grains  and  strings  of  sulphide  are  also  to  be  seen  filling  the  inter- 
stices between  the  laths  and  grains  of  tremolite. 

In  other  places  sulphide  fills  small  discontinuous  cracks  in  the  augite  matrix. 
The  augite  on  the  sides  of  such  cracks  shows  no  sign  of  alteration.  Other  similar 
cracks  are  filled  with  tremolite  fibres.  Certain  large  crystals  of  hornblende  have  been 
completely  altered  to  masses  of  tremolite  fibres,  and  masses  of  sulphide  have  formed 
around  the  edges  of  all  such  altered  crystals;  grains  and  strings  of  sulphide  fill  spaces 
between  the  fibres. 

The  whole  set  of  phenomena  is  worthy  of  more  detailed  study  than  the  writer 
has  been  able  to  give  it.  The  facts  obtained  indicate,  however,  that  the  sulphic^es, 
primarily  concentrated  in  their  present  position  by  gravity,  have  been  more  or  less 
brought  into  solution  again  and  redeposited  by  solutions,  or  vapours,  acting  about  the 
time  of  consolidation  of  the  norite.  The  cracks  mentioned  as  occurring  in  the  augrite 
matrix,  filled  with  sulphides,  are  so  discontinuous,  running  for  x>erhaps  10  or  15  mm. 
and  then  ending  in  massive  rock,  that  they  must  have  been  formed  before  the  rock 
was  completely  hardened,  so  that  fissures  closed  at  once  unless  they  were  filled.  The 
leaching  of  the  iron  from  the  hornblende  implies  the  presence  of  solutions  or  vai)ours 
rich  in  sulphur;  at  the  same  time  the  amount  of  sulphide  surrounding  an  altered 
hornblende  crystal  is  many  times  too  great  to  have  been  formed  from  the  iron  of  the 
hornblende  alone.,  The  freshness  of  the  augite  likewise  implies  that  the  solutions  of 
vapours  were  acting  at  a  very  early  stage  in  the  consolidation  of  the  magma;  had  they 
been  much  later  and  cooler,  the  augite  would  probably  have  suffered  alteration,  as 
it  would  not  have  been  in  equilibrium  with  them. 

To  sum  up:  it  is  concluded  that  the  oxides  and  sulphides  were  brought  into 
their  present  position  by  sinking  through  the  liquid  gabbro.  As  the  gabbro  consoli- 
dated, cracking  slightly  at  the  same  time,  solutions  or  vapours  carrying  sulphur  and 
iron  permeated  it,  leaching  iron  from  the  hornblende,  altering  the  hornblende  to 
tremolite,  and  depositing  iron  sulphide  in  cracks  and  in  and  around  the  altered 
hornblendes.  Singularly,  there  appears  to  have  been  some  formation  of  calcite  also, 
although  the  data  on  this  point  are  not  very  definite.  Prospecting  should  be  confined 
to  the  former  bases  of  the  sills,  the  northern  edge  in  Oiseau  River  area,  the  southern 
edge  in  Maskwa  Kiver  area.  At  Sudbury  the  richest  deposits  have  been  found  in 
former  holes  and  depressions  in  the  base  of  the  sill,  owing  to  the  natural  tendency 
of  the  heavy  sulphides  to  gravitate  to  the  lowest  part  of  the  base.  It  is  highly  probable 
that  the  same  tendency  was  operative  in  the  districts  under  consideration,  hence 
search  should  be  made  for  such  depressions. 

Attention  may  be  called  to  the  fact  that  ore-bodiee  cannot  occur  in  connexion 
with  any  bodies  of  gabbro  other  than  the  large  sills  that  have  undergone  the  differ- 
entiation described.  Bodies  of  gabbro  of  all  sizes  are  to  be  found  in  many  places 
throughout  the  district — dykes,  which  even  an  imtrained  observer  can  see  to  be  of 
similar  composition  from  edge  to  edge.  It  is  absolutely  useless  to  search  for  ore- 
bodies  in  the  neighbourhood  of  such  masses;  the  effort  is  merely  a  waste  of  time  and 
money. 

Values 

The  values,  in  the  discoveries  so  far  made,  are  principally  in  nickel,  although 
copper  in  some  amount  occurs  locally.  Prospectors  reported  to  the  writer  that  they 
had  obtained  up  to  5  per  cent  of  nickel  from  some  of  the  solid  masses  of  sulphides. 
A  small  grab  sample  taken  by  the  writer  from  such  a  mass  gave,  on  analysis,  3-07 
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"per  cent  of  nickel,  0-07  per  cent  of  copper,  and  14 '22  per  cent  of  insoluble  mineral 
matter. 

Prospecting  has  not  ehown  whether  the  discoveries  so  far  made  indnde  any  ore- 
bodies  of  commercial  imx)ortance.  Much  more  work  should  be  done  to  determine  the 
length,  breadth,  and  depth  of  bodies  already  found,  and  further  search  should  be  made 
for  new  bodies  before  the  district  can  be  pronounced  a  iwtential  producer. 

Parts  of  the  district  are  rather  thickly  drift-covered,  making  prospecting  by  the 
ordinary  methods  difficult  and  expensive.  In  view,  however,  of  the  magnetic  qualify 
of  the  deposits,  due  to  their  content  of  pyrrhotite  and  magnetite,  the  district  is  par- 
ticularly suited  to  prospecting  with  the  dip  needle.  A  large  area  might  be  rapidly 
and  cheaply  traversed  with  this  instrument,  that  requires  for  its  proper  use  only 
elementary  information,  obtainable  from  the  vendor.  By  locating  with  it  the  spots 
where  the  magnetic  attraction  is  locally  above  normal  surface  exploration  could  be 
concentrated  on  those  places,  and  much  labour  and  expense  avoided. 

Gold 

MINING  CONDITIONS  IN   THE  DISTRICT 

Gold  has  been  known  for  many  years  to  occur  in  Rice  Lake  district,  and  the 
area  has  been  rather  extensively  prospected.  In  several  instances  companies  carried 
on  considerable  underground  work  and  have  even  erected  milling  machinery.  Never- 
theless there  is  as  yet  only  one  producing  mine.  An  important  deterrent  has  been 
the  expense  of  transportation,  which,  with  the  general  low-grade  character  of  the 
deposits,  has  kept  well-established  mining  companies  from  locating  there.  Others, 
however,  less  well-advised,  have  established  workings  foredoomed  to  failure  by  the 
poverty  of  the  deposits  exploited;  and  in  still  other  instances  more  or  less  work 
has  been  done  by  companies  as  the  basis  of  extensive  stock-selling  campaigns. 

Rice  Lake  and  adjoining  districts  have  already  been  described  by  DeLury,  who 
has  given  detailed  and  accurate  descriptions  of  the  veins  on  all  the  more  important 
claims,  and  readers  who  desire  such  information  are  referred  to  his  work.  The 
present  writer  will  confine  himself  to  a  general  statement  of  the  methods  of  occur- 
rence and  the  origin  of  the  gold  deposits. 

GOLD  VEINS   AND   THEIR   ORIGIN 

Gold  deposits  are  found  in  three  general  positions;  in  the  later  granite,  in  the 
earlier  granite,  and  in  the  Rice  Lake  series.  They  were  at  first  found  in  the  Rice 
Lake  series.  Afterwards,  some  deposits  were  found  in  the  later  granite;  and  later, 
veins  of  considerable  size  were  located  in  the  earlier  granite,  to  the  north  of  Wani- 
pigow  river  and  lake.  The  deposits  in  the  Rice  Lake  series  and  the  earlier  granite 
are  found  entirely  in  the  shear  zones,  or  belts  of  schist,  that  were  formed  as  a  result 
of  the  faulting  of  these  rocks.  Their  maximum  size  is,  therefore,  limited  by  the  size 
of  these  zones. 

Veins  in  the  Later  Oranite 

The  deposits  in  the  later  granite  consist  of  auriferous  quartz  filling  cracks 
formed  by  jointing  and  faulting.  Most  of  the  joints  so  filled  appear  to  be  of  the 
last  set  formied,  with  a  strike  north  of  60  degrees  west.  The  veins  of  this  type  are, 
naturally,  all  small,  at  least  so  far  as  present  discovery  has  shown.  The  largest  seeu 
by  the  writer  is  that  on  the  Pendennis  claim,  a  lens  some  200  to  800  feet  in  length, 
and  about  a  foot  wide  on  the  surface.  The  width  is  said  to  increase  downward  to  about 
4  feet  at  a  depth  of  40  feet.  Most  of  the  other  veins  seen  by  the  writer  in  the  later 
granite  are  3  or  4  inches  wide  at  most. 
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Veins  in  the  Rice  Lake  Series 

The  veins  in  the  Rice  Lake  series  exhibit  some  interesting  and  important  areal 
relationships.  In  the  first  place,  those  of  importance  occur,  with  one  exception,  in  the 
shear  zonea  that  strike  predominantly  northward,  that  is,  away  from  the  granite 
contact  to  the  south;  rather  than  in  those  with  a  more  westerly  strike,  that  are 
approximately  parallel  to  the  granite  contact.  The  exception  noted  is  the  Wolf  vein, 
near  Red  Rice  lake  (claim  Nc  L.  83-124),  a  large  vein  with  good  reported  values; 
and  it  is  to  be  noted  that  it  lies  close  to  a  small  outcrop  of  later  granite,  which  may 
be  the  top  of  a  larger  body  beneath. 

When  one  of  the  large  shear  zones  is  traced  throughout  its  length,  another 
strikingly  important  fact  becomes  evident.  At  the  end  nearest  to  the  later  granite 
the  shear  zone  is  well  filled  with  quartz,  that  replaces  a  great  part  of  the  schistose 
rock.  At  increasing  distances  from  the  later  granite  the  amount  of  quartz  in  the 
sheared  zone  gradually  decreases  and  finally  disappears,  leaving  a  sheared  zone  of 
country  rock.  The  transition  from  quartz-filled  to  quart zless  shear  zones  was  traced 
in  each  of  the  large  shear  zones  examined  and  the  conclusion  ia  inevitable,  that  the 
solutions  carrying  and  depositing  the  quartz  originated  in  the  later  granite. 

The  distance  to  which  these  solutions  travelled  along  the  shear  zone  and  deposited 
quartz  presumably  varied  with  the  ease  of  penetration,  the  volume  of  solutions  avail- 
able, and  the  pressure  behind  them.  In  the  cases  investigated  the  greater  part  of  the 
deposition  ceased  within  a  mile  and  a  half  of  the  contacts;  except  the  most  eastern 
shear  zone  mapped  (which  also  happens  to  be  the  largest  in  the  area)  where  lenses 
of  quartz  2  to  4  feet  in  width  are  found  2i  miles  from  the  later  granite. 

Quartz  is  the  principal  vein  mineraL  Associated  with  it  are  certain  sulphides, 
principally  iron  pyrites,  with  small  amounts  of  chalcopyrite,  and  occasionally  a  little 
galena  and  sphalerite.  Nonrmetallic  minerals  include  albdte,  iron-bearing  carbonate 
(ankerite  or  siderite),  a  little  calcite,  and  in  places  a  little  nrica  and  toiirmaline. 
Gold,  usually  in  the  free  state,  is  the  principal  economic  constituent 

The  minerals  mentioned,  with  the  exception  of  the  free  gold,  crystallized  with 
the  massive  quartz,  indicating  that  they  were  all  deposited  from  the  same  solutions 
at  the  same  time.  In  addition  to  filling  the  veins,  there  was  a  certain  amount  of 
replacement  of  the  adjoining  schist  by  the  vein  minerals,  particularly  by  the  sulphides. 

Variations  in  Composition 

The  mineral  composition  of  the  veins  exhibits  an  interesting  variation  that  also 
indicates  the  solutions  to  have  originated  from  the  later  granite.  The  veins  in  the 
later  granite  itself  are  characteristically  composed  of  quartz  containing  more  or  le>j? 
albite.  Hand  specimiens  were  taken  from  such  veins  which  consist  almost  entirely 
of  fine-grained  albite.  The  veins  contain  rather  large  proportions  of  sulphides,  and, 
it  is  reported,  rather  high  values  in  gold,  up  to  $50  per  ton  or  even  more. 

Just  outside  the  later  granite  the  veins  consist  wholly  of  quartz,  vithout  albite 
or  iron  carbonate,  so  far  as  observed.  They  contain  moderate  amoimts  of  pyrite, 
although  less  than  the  veins  in  the  granite,  and  are  reported  to  carry  gold  values  in 
the  neighbourhood  of  $10  to  $12  a  ton.  Iron  carbonate  begins  to  appear  in  the  veins, 
with  the  quartz,  at  distances  of  about  a  mile  from  the  granite  contact.  Within  this 
distance  the  proportion  of  sulphides  diminishes  with  increasing  distance  from  the 
granite,  and  presumably  the  gold  values  also,  although  very  little  information  is 
available  on  the  subject 

The  iron  carbonate  is  first  to  be  observed  in  the  schist  near  the  veins,  and  in 
thin  offshoots  from  the  veins,  rather  than  in  the  main  veins  themselves.  With 
increasing  distances  from  the  granite  it  invades  the  main  veins,  and  rapidly  displacefi 
the  quartz.^  Finally  quartz  disappears  entirely,  and  the  vein  material  consists  almost 
wholly  of  iron  carbonate.  In  the  most  eastern  shear  zone  mapped,  this  substitution 
occurs  2}  miles  frojn  the  point  where  the  shear  zone  is  cut  off  by  the  later  granite. 
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These  changes  in  composition  are  due  to  the  changes  in  concentration  and 
temperature  undergone  by  the  solutions  while  passing  away  from  the  granite.  While 
still  within  the  granite  they  must  have  been  very  hot  and  concentrated,  carrying  the 
constituents  of  albite  as  well  as  quartz  and  sulphides,  and  depositing  them  on  slight 
cooling.  All  the  albite  constituent  was  deposited  by  the  cooling  of  the  solution  as  it 
entered  the  cold  rocks  beyond  the  granite,  and  consequently  quartz  is  the  chief 
constituent  of  these  veins.  With  increasing  distance  from  the  granite,  the  solutions 
would  become  still  cooler  and  less  concentrated  through  the  deposition  of  their  quartz, 
until  finally  conditions  were  favourable  for  the  deposition  of  the  last  constituent, 
iron  carbonate. 

Values 

In  Bice  Lake  district  tihe  sulphides  do  not  api>arently  carry  important  values  in 
gold  and  the  values  of  the  veins  appear  mainly  due  to  their  free  gold  content  The 
free  gold,  where  observed,  forms  leaflets  along  minute  cracks  or  fissures  in  the  quartz, 
and,  therefore,  is  of  slightly  later  age — ^presumably  deposited  by  the  last  remnant©  of 
the  magmatic  solutions,  after  the  earlier  quartz  had  been  shattered  by  slight  move- 
ment. The  quartz  is  nearly  or  quite  barren  of  values  w^re  it  has  not  been  so 
shattered,  but  remains  hard  and  vitreous. 

In  the  district  north  of  Wandpigow  (Hole)  lake,  however,  the  sulphides  form  a 
much  larger  proi)ortion  of  the  veins  than  in  Rice  Lake  area,  and  also  appear  to  carry 
the  principal  gold  values,  although  free  gold  is  also  prominent  in  some  of  the  deposits. 

It  may  be  added  that  information  regarding  values  was  difficult  to  obtain,  and 
not  wholly  reliable.  Many  of  the  deposits  have  not  been  worked  for  some  years  past, 
and  several  of  these  are  the  ones  concerning  which  information  is  most  d^irable. 
The  Gold  Pan,  Gold  Seal,  and  Pan  Extension  properties,  which  were  active  at  the 
time  of  the  writer's  visit,  are  mainly  free  gold  proi)erties,  without  important  con- 
centrations of  sulphides. 

It  may  be  conceived,  however,  that  since  the  free  gold  was  deposited  from  later 
solutions  that  seeped  through  small  fissures  in  the  quartz  of  the  veins,  the  movement 
of  such  solutions  would  be  brought  to  a  standstill  not  far  from  the  edge  of  the  later 
granite ;  and  the  solutions  would  not  get  as  far  away  from  the  earlier  granite  as  did 
the  quartz-bearing  solutions.  Even  if  penetration  to  equal  distances  did  take  placa, 
the  solutions  might  have  deposited  the  great  part  of  their  load  of  gold  within  a  shori 
distance  from  the  granite.  The  meagre  facts  at  hand  seem  to  support  the  supposition. 
In  two  of  the  shear  zones  the  higher  values  are  comparatively  close  to  the  granite, 
whereas  the  parts  farther  away  carry  lower  values. 

Shape  of  Veins 

The  size  and  shape  of  the  bodies  of  vein  material  in  the  shear  zones  depend  very 
largely  on  the  shape  of  the  shear  zone  itself.  Therefore,  the  extreme  variations  in  size 
that  the  shear  zones  exhibit  (page  31)  are  an  important  factor  in  vein  formation, 
and  alfect  seriously  the  mining  value.  The  quartz  veins,  like  the  shear  zones,  are 
not  regular  in  shape,  but  form  a  series  of  lenses  placed  end  to  end.  Sometimes  th** 
lenses  are  connected  by  a  fairly  wide  neck  of  quartz,  but  in  many  other  instances 
there  may  be  only  a  narrow  stringer  of  quartz  joining  them,  or  none  at  all.  The  more 
continuous  "^cins,  naturally,  lie  nearest  their  source,  the  later  granite.  The  veins 
have  the  same  lenticular  shape  in  depth  as  on  the  surface.  Even  where  the  shear  zone 
is  not  lenticular,  the  bodies  of  quartz  in  it  are  apt  to  be.  This  is  more  particularly 
the  ease  at  some  distance  from  the  later  granite. 

Enrichment  from  Other  Bodies  of  Oranite 

l^ides  the  large  body  of  the  later  granite  on  the  south  side  of  Eice  Lake  area, 
smaller  granite  bodies  lying  within  the  Bice  Lake  series  seem  to  have  caused  deposi- 
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tion  of  quartz,  gold,  and  snlphidies  in  the  shear  zones.  Thus,  on  the  Wolf  claim, 
L.  83-124,  enrichment  is  greatest  at  the  western  outcrop^  and  decreases  rapidly  east- 
ward; dnd  about  a  quarter  of  a  mile  to  the  west,  across  an  area  largely  drift- 
covered,  a  large  dyke-like  body  of  the  later  granite  outcrops.  Again,  a  large  dyke 
of  granite  outcrops  in  a  swamp  a  little  north  of  the  south  boundary  of  the  Gold  Pan 
Fractional  claim,  L.  20-174.  As  this  dyke  has  an  east-west  strike  it  probably  runs 
west  into  the  Mildred  claim,  L.  35-124.  On  the  north  side  of  the  Mildred  claim  is 
an  outcrop  of  a  strong  vein  of  quartz — said  to  carry  fair  values — that  runs  north 
about  a  quarter  mile,  where  it  splits  into  discontinuous  lenses  and  dies  out.  On  the 
south  side  of  the  Gold  Pan  Fractional  claim  a  narrow,  rather  discontinuous  vein 
outcrops,  exhibiting  in  places  rich  samples  of  gold;  and  at  the  contact  of  this  vein 
with  a  dyke  of  later  dialmse,  on  the  Gold  Pan  claim,  L.  18-174,  there  is  a  rich  concen- 
tration of  free  gold.  The  dyke,  although  fractured  by  later  movement  along  the  fault 
plane,  acted  probably  as  a  partial  dam  to  solutions  flowing  along  the  sheared  zone  from 
the  granite  dyke;  so  that  cooling  and  deposition  were  favoured  at  the  jimction. 

Detailed  Descriptions 

It  may  prove  of  some  value  to  describe  the  mining  claims  as  they  occur  on  the 
various  shear  zones  of  which  they  form  parts. 

The  easternmost  shear  zone  examined  is  one  of  the  largest  in  the  area.  It  meets 
the  contact  of  the  Bice  Lake  series  and  the  later  granite  on  the  Moose  claim,  L.  10- 
174,  and  runs  northwesterly  through  the  Bluebell,  Saxton,  Golden  Vein,  Sunlight, 
Koland,  and  Nevada  claims  successively.  On  the  north  side  of  the  Nevada  claim 
it  passes  into  a  large  swamp,  three-quarters  of  a  mile  wide.  The  north  side  of  the 
swamp  is  thoroughly  burned  over,  and  is  now  all  bare  rock.  This  was  carefully 
examined,  and  a  number  of  shear  zones  were  observed.  Only  one  of  these  is  at  all 
comparable  in  size  to  the  great  shear  zone  on  the  south,  the  others  being  only  about 
one-tenth  the  size.  As  the  large  sheared  zone  is  also  aligned  with  the  Nevada  shear 
zone,  the  two  are  presumably  parts  of  the  same  zone.  The  shear  zone  thus  picked  up 
is  first  seen  near  the  northern  side  of  the  Snowstorm  claim,  L.  62-124.  It  continues 
north  into  the  Eonger  claim,  L.  22-124,  and  the  Golden  Bod  claim,  on  the  north 
side  of  which  it  swings  somewhat  to  the  west  and  becomes  a  part 'of  the  great  shear 
zone  alon(?  the  south  side  of  Bice  lake. 

On  the  Moose  claim  and  northward  the  shear  zone  has  an  average  strike  of  north 
2S  degrees  west,  although  locally  this  varies  between  north  10  degrees  west  and 
north  45  degrees  west.  The  shear  zone  maintains  a  definite  strike  as  a  rule  over 
lengths  of  3  to  10  chains  only,  at  the  end  of  which  a  change  in  strike  occurs.  This 
results  in  great  variation  in  the  width.  The  straight  parts  are  generally  narrow — in 
one  place  only  2  feet — whereas  the  bends  widen  to  as  much  as  36  feet.  There  is  a 
good  deal  of  fairly  well  mineralized  quartz,  the  width  of  which  varies  with  that  of  the 
shear  zone,  from  9  feet,  in  the  wider  shears,  down  to  no  quartz  at  all  in  the  narrower 
parts. 

From  the  bottom  of  a  shaft  said  to  be  100  feet  deep,  on  the  Moose  claim,  L.  10-174, 
about  180  feet  has  been  drifted.  To  the  north  of  the  shaft  several  prospect  pits,  and 
a  shallower  shaft,  now  filled  with  water,  have  been  put  down. 

To  the  north  the  shear  zone  gradually  widens,  perhaps  because  it  traverses  less 
resistant  rock,  and  on  the  Nevada  claim,  L.  27-174,  it  consists  of  two  sheared  belts, 
20  and  8  feet  wide,  separated  by  about  60  feet  of  slightly  sheared  rock.  The  amoimt 
of  quartz  in  the  zone  diminishes,  until  on  the  Nevada  claim  it  forms  only  discon- 
tinuous lenses  up  to  6  feet  wide. 

The  shear  zone  is  overlain  by  swamp  on  the  north  side  of  the  Nevada  claim,  but 
what  is  probably  the  same  zone  reappears  on  the  north  side  of  the  Snowstorm  dlaimy 
L.  62-124.  Here  it  is  somewhat  wider,  varying  from  6  feet  in  straight  parts  to  60 
feet  on  bends.  Very  little  quartz  is  to  be  observed,  although  on  the  Banger  claim, 
L.  22-124,  there  are  a  few  short  lenses  of  quartz  and  iron  carbonate,  2  or  3  feet  wide. 
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To  the  north  of  the  Ranger  claim  almost  no  quartz  is  to  be  seen.  At  the  boimdary 
between  the  Ranger  claim  and  the  Golden  Rod  claim,  L.  23-124,  the  vein  fillings  con- 
sist almost  wholly  of  iron  carbonate.  Albout  10  chains  to  the  north  of  the  Golden 
Rod  claim  the  shear  zone  suddenly  widens  to  5  or  6  chains,  and  the  strike  swings 
westward.  No  vein-fiUing  is  present  The  sheared  zone  maintains  this  width  for 
several  miles  along  the  south  side  of  Rice  lake. 

A  second  wide  and  important  shear  zone  has  its  south  end  in  t^e  Lucky  Strike 
claim,  L.  52-124.  South  of  the  middle  of  the  claim  the  sheared  material  has  been 
intruded  and  replaced  by  a  large  diabase  dyke  that  enters  it  at  the  north  end  of  the 
claim.  The  sheared  zone  runs  northward  through  the  Jumbo  and  Pilot  claims, 
L.  24-174  and  23-174  respectively,  to  a  point  8  chains  west  of  the  northwest  comer 
of  the  Golden  Rod  claim,  L.  23-124.  Here  it  turns  aharply  westward,  x>arallels  the 
shear  zone  last  described  for  about  a  mile,  then  turns  north  again  and  joins  it  near 
the  mouth  of  the  creek  that  drains  Red  Rice  lake. 

At  its  south  end  in  L.  52-124.  the  shear  zone  contains  considerable  quantities  of 
quartz.  The  source  of  the  quartz  may  be  the  large  body  of  earlier  granite  to  the 
south,  but  in  view  of  the  choking  of  ihe  shear  zone  by  the  diabase  dyke,  it  seems 
more  probably  to  have  originated  from  two  large  dykes  of  granite  that  cut  into  the 
shear  zone  near  the  north  boundary  of  the  claim.  Near  the  northern  boundary  of 
L.  62-124  the  sheared  zone  has  a  maximum  width  of  25  feet,  which  decreases  to  1  or  2 
feet  at  the  ends  of  lenses.  There  is  a  maximum  width  of  10  to  12  feet  of  quartz  in 
the  shear  zone  here,  but  the  average  width  is  not  more  than  half  as  much.  To  the 
north  the  quartz  decreases  slightly  in  amount,  but  maintains  widths  of  3  to  5  feet, 
on  the  average,  in  the  larger  parts  of  the  lenses,  almost  to  the  northern  boundary  of 
the  Pilot  claim,  L.  23-174.  On  the  Pilot  claim  there  are  important  amounts  of  iron- 
bearing  carbonates  mixed  with  the  quartz.  To  the  north  of  the  Pilot  the  shear  zone 
attains  widths  of  60  feet  or  more,  resembling  in  this  respect  the  shear  zone  previously 
described.  The  quartz  vein-filling  rapidly  disappears,  however,  and  very  little  is  to 
be  seen  north  of  the  Pilot  claim. 

The  third  shear  zone  to  be  traced  outcrops  first  on  the  north  side  of  the  Mildred, 
L.  35-124,  and  runs  northwesterly  through  the  Josephine,  L.  36-124.  The  south  Side 
of  the  shear  zone. is  covered  by  a  wide  swamp,  beyond  which  the  shear  zone  could 
not  be  identified.*  This  zone  is  characterized  by  a  strong  and  continuous  vein  of 
quartz,  12  feet  wide  at  its  southern  end,  and  traceable  northward  for  about  a  quarter 
mile,  where  it  begins  to  assume  the  lenticular  shai)es  characteristic  of  the  other 
veins  of  the  region.  Almost  no  quartz  is  to  be  seen  north  of  the  north  boundary  of 
the  Josephine.  The  shear  zone  itself  is  rather  a  zone  of  fracture  than  one  of  strong 
shear.  Very  little  schist  is  found  on  the  sides  of  the  quartz  vein;  and  after  the  vein- 
filling  disappears,  north  of  the  Josephine,  the  shear  zone  becomes  only  a  vagady 
defined  zone  of  fracture,  traceable  only  with  great  difficulty.  It  is  supposed  to  be  an 
offshoot  of  the  strong  shear  zone  to  the  east,  splitting  off  from  it  at  the  bend  near  the 
north  boundary  of  L.  62-124. 

The  fourth  shear  z,one  traced  is  that  on  which  the  Gold  Seal,  Gold  Pan,  and 
Gold  Pan  Fractional  claims  are  located,  respectively  numbered  L.  19-174,  L.  18-174, 
and  L.  20-174.  In  the  south  part  of  L.  20-174  the  shear  zone  runs  into  a  large  swamp, 
across  which  it  could  not  be  traced.  In  the  swamp,  about  6  chains  north  of  the  south 
boundary  of  L.  20-174,  is  a  dyke  of  granite  with  an  east-west  strike  which  is  supposed 
to  be  the  source  of  the  vein  material  filling  the  shear  zone.  The  zone  has  an  average 
width  of  3  feet  or  less  and,  as  usual,  the  quartz  is  still  narrower,  averaging  less  than 
a  foot  for  the  whole  zone,  and  rarely  exceeding  3  feet  at  any  point.  The  zone  extends 
somewhat  east  of  south  to  the  middle  of  the  Gold  Seal,  where  it  joins  a  shear  of 
similar  size  which  strikes  off  to  the  east.  The  two  evidently  form  the  sides  of  a  small 
fault  block.  I 

Although  small,  this  shear  zone  has  attracted  public  attention  owing  to  the  rich 
specimens  of  free  gold  obtained  from  it.  Their  discovery  led  to  considerable  under* 
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ground  prospecting;  for  a  description  of  which  the  reader  is  referred  to  DeLury^s 
report.  The  underground  work  has  emphasized  the  irregular  nature  of  the  mineral- 
ization; rich  specimens  of  ore  alternate  with  bodies  of  barren  quartz.  The  results, 
so  far,  raise  doubts  as  to  whether  mining  on  the  lode  will  ever  be  profitable,  except 
perhaps  on  the  Gold  Pan  which  as  being  worked  by  the  Canada  [Mining  and  Leasing 
Company  on  a  small  scale,  and  at  a  moderate  profit.  The  main  shaft  is  located  on 
the  intersection  of  the  shear  zone  and  a  diabase  dyke,  20  to  30  feet  wide,  that  has 
been  fractured  by  the  later  movements  along  the  shear  zone,  so  that  its  east  side  is 
shifted  about  25  feet  southward.  On  the  broken  face  of  the  western  part  of  the 
dyke  there  has  been  a  precipitation  of  free  gold,  so  rich  it  is  said,  that  in  the  first 
discovery  plates  of  gold  as  thick  as  the  finger  were  found.  Although  nothing  approach- 
ing this  has  been  recently  found,  the  quartz  is  still  exceedingly  rich,  specimens  seen 
by  the  writer  being  literally  bound  together  with  wires  and  leaves  of  the  precious 
metal.  The  disadvantage  of  the  deposit  lies  in  its  smallness,  confined  as  it  is  in 
length  to  the  single  face  of  the  dyke,  25  or  30  feet  in  length,  and  in  width  to  the 
width  of  the  shear  zone.    The  ore4)ody  is,  in  effect,  an  almost  vertical  pipe. 

This  extraordinary  concentration  is  not,  apparently,  due  to  the  action  of  the 
dyke  rock  in  precipitating  gold  from  the  ore-bearing  solutions,  for  the  dyke  rock  iu 
the  shaft  is  hard,  glassy,  and  unaltered.  The  dyke  magma  itself  did  not  originate 
the  solutions,  as  the  dyke  was  intruded,  hardened,  and  faulted  before  the  formation 
of  the  ore.  The  only  possible  conclusion  is,  as  suggested  on  a  previous  page,  that 
the  dyke,  cutting  partly  across  the  sheared  zone,  acted  as  an  imperfect  dam  against 
the  movement  of  the  ore-bearing  solutions;  so  that  deposition  was  favoured  at  this 
particular  point.  Deposition  on  the  broken  face  of  the  western  arm  of  the  dyke 
rather  than  on  the  face  of  the  eastern  arm  to  the  south,  would  indicate,  if  this 
theory  be  correct,  that  the  solutions  were  moving  southward  through  the  shear  zone; 
a  conclusion  already  inferred  from  the  occurrence  of  the  granite  dyke  on  the  north 
and  the  lack  of  any  other  body  of  granite  cutting  the  shear  zone  on  the  south. 

The  fifth  shear  zone  that  was  traced  outcrops  on  the  west  side  of  the  Wolf  claim, 
L.  83-124,  east  of  Eed  Hice  lake.  It  appears  first  on  the  west  side  of  a  large  hill,  and 
runs  down  on  the  west  into  a  low  clay-covered  area.  On  the  hillside  there  is  about  15 
feet  of  quartz,  well  mineralized  with  pyrite,  chalcopyrite,  and  ankerite.  Assays  of 
more  than  li  tons  of  this  ore,  made  by  the  Department  of  Mines,  Ottawa,  gave  values 
of  107  oimces  gold,  1-60  ounces  silver,  and  1*43  per  cent  copper.  The  vein  and 
shear  zone  are  traceable  for  only  about  150  feet  eastward,  after  which  the  shear 
becomes  too  small  to  follow. 

Other  shear  zones  in  this  vicinity  are  indicated  on  the  map.  Nearly  all  are 
characterized  by  quartz  in  considerable  amount  at  their  western  ends,  although  iu 
all  except  the  one  described  the  quartz  appears  to  be  barren  or  poorly  mineralized. 
In  all  the  quartz  filling  gradually  decreases  and  finally  disappears  toward  the  east. 
These  facts  suggest  strongly  that  the  source  of  the  vein  materials  for  this  set  of 
shear  zones  was  the  small  body  of  granite  southeast  of  Red  Rice  lake. 

SUMMARY 

The  gold  deposits  of  Rice  Lake  district  are  vein  fillings  and  replacements 
in  belts  of  schist  formed  by  earlier  faulting.  The  principal  veins  are  found  in  shear 
zones  that  cut  through  the  older  rocks  to  contacts  with  the  later  granite,  rather  than 
in  shear  zones  that  do  not  so  terminate.  The  veins  gradually  decrease  in  size  with 
increasing  distance  from  the  granite  contact;  and  their  composition  varies  in  such 
a  way  as  to  indicate  deposition  from  hot  concentrated  solutions  in  and  close  to  the 
granite,  and  from  cool  dilute  solutions  at  a  distance.  It  is,  therefore,  concluded  that 
the  vein  materials  were  deposited  from  solutions  emanating  from  the  later  granite. 

The  shear  zones  are  found  in  the  Rice  Lake  series  and  the  earlier  granite.  The 
later  granite  also  was  jointed,  and  the  joints  were  filled  with  auriferous  quartz. 
Such  veins  are  mostly  small,  although  lenses  3  to  4  feet  in  width  have  been  found. 
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Prospecting  in  the  later  granite,  therefore,  although  probably  less  apt  to  be  rewarded 
than  in  the  older  formations,  may  reveal  the  presence  of  small  deposits  of  fairly 
rich  ore. 

The  vein  materials  are  principally  quartz,  albite,  iron  carbonate,  pyrite,  chal- 
copyrite,  and  free  gold.  The  carbonate  is  characteristically  deposited  at  a  distance 
from  the  granite,  the  quartz  closer  to  it,  the  albite  in  or  very  close  to  it.  The  sul- 
phides may  or  may  not  carry  gold  values. 

The  free  gold  appears,  in  most  cases  at  least,  to  have  been  deposited  in  the  quartz 
after  it  was  shattered  by  movement.  In  great  part  it  seems  to  have  been  deposited 
fairly  close  to  the  later  granite,  although  found  in  small  quantities  at  quite  con- 
siderable distances  away. 

The  bodies  of  quartz,  like  the  shear  zones  in  which  they  occur,  vary  greatly  in 
width  from  place  to  place,  forming  lenses  both  in  horizontal  and  vertical  section. 
Small  bodies  of  the  later  granite  may  have  formed  enriched  veins  like  the  larger 
bodies,  but  the  veins  so  formed  are  conunonly  rather  short. 

Apparently,  therefore,  the  most  favourable  localities  for  prospecting  lie  in  the 
Kice  Lake  series  or  the  earlier  granite,  near  a  contact  with  the  later  granite.  The 
earlier  granite  may  be  recognized  by  the  belts  of  schist  and  the  basic  dykes  that  cut 
it.    The  later  granite  is  not  thus  cut,  although  it  may  be  more  or  less  jointed. 


GEOLOGIC  HISTORY 

The  geologic  history  of  the  Rice  Lake  and  Oiseau  River  districts  may  be  stated 
as  follows,  from  the  data  at  hand.  The  lack  of  sedimentary  formations  makes  the 
history  of  necessity  incomplete,  but  fuller  information  must  be  obtained  from  other 
areas,  where  more  complete  sections  are  available. 

The  first  recorded  event  is  the  outpouring  of  the  great  floods  of  lava  that  formed 
the  lower  volcanic  member  of  the  Rice  Lake  series.  The  nature  or  position  of  the 
basement  on  which  the  lavas  were  poured  is  unknown;  no  trace  of  such  a  base  was 
discovered.  The  lavas  in  Oiseau  River  area  are  mainly  basalts,  with  some  dacite, 
whereas  in  Rice  Lake  area  andesites  predominate,  with  minor  amounts  of  basalt  and 
rhyolite.  The  local  occurrence  of  pillow  structure  indicates  that  in  places  the  lavas 
were  extruded  imder  water;  but  the  lack  of  such  structures  liniversaHy  may  indicate 
that  in  great  part  the  lavas  were  extruded  on  a  land  area.  If  they  were,  the  disturb- 
ances of  the  drainage  accompanying  extrusion  almost  certainly  produced  lakes,  in 
which  later  flows  could  produce  the  pillow  structures  locally  observed. 

The  deposition  of  sediments,  probably  in  local  lake  basins,  began  with  slackening 
of  volcanic  activity.  At  first  sedimentation  was  interrupted  locally  by  small  lava 
flows,  resulting  in  an  interbedding  of  sediments  and  lavas;  but  even  this  extrusive 
activity  died  away,  and  sedimentation  went  on  iminterruptedly.  The  sediments  first 
laid  down  were  largely  ash  rocks,  mingled  with  more  or  less  chemical  matter  deposited 
from  hot  waters  following  the  flows;  but  later  they  appear  to  have  been  formed  by 
normal  processes  of  erosion.  They  are  largely  sandy-textured  greywackes.  There  is 
evidence,  in  Rice  Lake  area,  that  sedimentation  was  followed  by  a  renewal  of  vol- 
canic activity;  but  faulting  has  so  broken  up  the  rocks  there  that  any  conclusion 
should  be  fortified  by  evidence  from  other  localities  before  being  deemed  definite. 

Following  the  consolidation  of  the  Rice  Lake  series  there  was  a  period  of  com- 
pression, during  which  the  series  was  thrown  into  low  folds  with  average  dips  of 
about  20  degrees,  x>roibably,  and  an  average  strike  of  north  TO  degrees  ^o  80  degrees 
west  The  folding  was  accompanied  or  closely  followed  by  intrusion  of  great  batho- 
liths  of  granite.  As  folding  and  batholithic  intrusion  are  common  only  in  moun- 
tainous areas,  it  is  inferred  that  the  area  was  mountain-built  and  raised  above  the 
sea.    The  lack  of  later  sedimentary  formations  may  indicate  that  it  was  never  there- 
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after  submerged  in  Precaxnbrian  time;  although  the  possibility  also  exists  that  later 
sediments  may  have  been  deposited,  but  have  been  entirely  eroded  away.   % 

Faulting  followed  granite  intrusion,  the  faults  trending  "from  north  to  north  70 
degrees  west.  In  the  faults  with  a  northerly  strike,  the  east  sides  moved  south,  and  in 
those  with  a  more  westerly  strike,  the  north  sides  moved  upward  and  westward.  It  is, 
therefore,  inferred  that  the  stresses  causing  faulting  came  from  the  northeast.  The 
westerly  faults  are  thrust  faults,  and  their  planes  dip  to  the  north.  The  faults  with 
a  northerly  strike  show  by  their  stride  that  the  movement  of  their  sides  was  mainly 
horizontal;  hence  they,  also^  were  formed  by  compressive  stresses,  although  their  planes 
are  vertical  or  nearly  so. 

The  faulting  broke  up  the  Rice  Lake  series  and  the  earlier  granite  into  a  series  of 
fault  blocks,  separated  from  each  other  by  schist  zones  of  varying  width.  The  larger 
zones  attain  widths  of  800  or  400  feet  under  suitable  conditions,  and  may  be  traced 
for  many  miles. 

Faulting  was  followed  by  intrusion  of  a  variety  of  basic  rocks,  most-  of  them 
dykes.  They  comprise,  in  order  of  intrusion,  a  hornblende  porphyry,  a  feldspar  por- 
phyry, a  diabase,  and  a  gabbro.  The  gabbro  also  formed  large  silMike  intrusions  in 
the  Rice  Lake  series  or  along  the  contacts  between  the  Rioe  Lake  series  and  the 
earlier  gpranite.  The  gabbro  of  the  sills  underwent  a  pronoimced  gravitative  differentia- 
tion while  cooling,  resulting  in  the  formation  of  rock  types  of  widely  different  com- 
position, and  in  the  concentration  of  metallic  sulphides  at  the  bottoms  of  the  sills, 
forming  bodies  of  copper-nickel  ores. 

The  intrusion  of  the  diabase  and  gabbro  was  followed  by  gentle  compressive 
stresses,  causing  slight  further  movements  along  the  old  fault  planes;  then  oame  a 
second  period  of  folding,  accompanied  or  closely  followed  by  widespread  intrusion  of 
great  batholiths  of  granite.  The  same  folding,  apparently  more  intense  than  the  first, 
forced  the  Rice  Lake  series  and  gabbro  sills  into  steeply  inclined  positions,  usually 
vertical  or  even  considerably  overturned.  The  intrusion  of  the  later  granite  was 
followed  by  more  gentle  movements  caused  by  compressive  strains,  which  cracked  and 
jointed  the  granite  in  several  directions,  and  gave  rise  to  small  lateral  movements 
between  the  blocks  so  formed. 

During  its  cooling  the  later  granite  emitted  considerable  quantities  of  aqueous 
solutions,  loaded  with  silica,  carbon  dioxicfe,  sulphur,  and  iron  mainly,  with  minor 
amounts  of  gold  and  copper.  These  solutions  escaped  from  the  granite  along  the 
sheared  zones  in  the  older  rocks.  As  they  came  in  contact  with  the  colder  rocks  of 
the  shear  zones,  they  began  to  deposit  their  load,  forming  quartz-gold  veins  near  the 
granite,  grading  into  veins  of  iron  carbonate  at  greater  distances  from  it. 
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INTRODUCTION 

The  latter  part  of  the  field  season  of  1921  was  spent  in  making  a  reconnaissance 
survey  of  an  unsubdivided  area  which  lies  west  of  Dorion  township  and  north  of  the 
townships  through  which  the  Canadian  Pacific  and  Canadian  National  railways  run 
in  their  course  along  the  north  shore  of  Thunder  bay  in  northern  Ontario.  The 
results  obtained  form  an  important  contribution  to  the  geography  of  a  map-sheet 
which  is  in  course  of  preparation;  in  large  part  they  deal  with  an  area  which  is  very 
difficult  of  travel  and  which  is  shown  blank  on  existing  published  maps.  A  descrip- 
tion is  given  here  of  the  new  canoe  routes  into  this  little  known  area  which  were 
found  and  surveyed  in  1921.  The  information  will  eventually  be  incorporated  into 
a  map  of  the  district,  but  as  given  here  may  in  the  meantime  prove  sevriceable  to 
prospectors  and  others  interested  in  the  territory  to  which  the  route  leads. 


DESCRIPTION  OF  ROUTE 

The  solid  rocks  of  the  district  and  along  the  route  here  described  are  all  Precam- 
brian.  They  are  readily  subdivisible  into  an  early  Precambrian  gproup  of  complex 
structure  and  a  late  Precambrian  succession  of  little  disturbed  sediments  and  asso- 
ciated igneous  rocks.  The  Basement  Complex  consists  of  a  Schist  Complex  and  granitic 
Batholithic  Intru&ives.  The  Schist  Complex  consists  of  two  lithologically  distinct 
divisions  one  of  which  is  Qomposed  almost  entirely  of  banded  biotite  schist  and  the 
other  of  dense,  fine-grained  chlorite,  hornblende  and  sericite  schists,  and  banded  iron 
formation.  Of  the  younger  Precambrian  rocks  only  the  Keweenawan  sediments  and 
•diabase  intrusives  are  well  developed.  Animikie  sediments  were  not  found  underlying 
the  Keweenawan  to  the  north  of  Loon. 

From  Dorion  station  an  excellent  road  runs  through  the  agricultural  settlement 
in  Dorion  township,  rising  gradually  for  6  miles  to  the  old  post-Glacial  lake  floor  where 
it  touches  Mr.  Gambles'  farm  on  lot  14,  concession  V.  From  there  the  route  follows 
Bishop's  trail  over  boulder  clay  for  li  miles  to  a  branch  road  that  leads  northerly 
and  slopes  gradually  down  for  one-half  mile  to  the  south  bay  of  Wolf  lake.^ 

Wolf  lake  is  a  beautiful  sheet  of  water  4  miles  long  and  averaging  a  quarter  of 
a  mile  in  width;  its  southern  half  is  bordered  by  glaciated,  bare  hummocks  and  ridges 
of  granite  and  gneiss  which  rise  from  30  to  50  feet  above  the  water.  The  outlet  is 
at  the  eastern  extremity  where  a  shallow  rapid  runs  over  gravel.  Keweenawan  sedi- 
ments in  horizontal  attitude  overlie  the  gpranite  rocks  within  a  mile  of  the  lake  shore 
on  either  side. 

1  Shown  on  Map  1811,  Geol.  Surv.,  Can.,  Sum.  Rept.,  1919,  pt.  E. 
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On  the  east  shore,  nearly  opposite  the  middle  of  the  lake,  a  great  sill  of  diabase 
300  feet  thick  appears  and  under  it,  on  the  great  cliff  face,  a  few  feet  of  Keweenawan 
limestone  can  be  seen  above  the  lake  leveL  Mesa-shaped  remnants  of  diabase 
extend  away  to  the  east  and  northeast,  and  ridges  of  the  same  rock  extend  south- 
westerly from  the  opposite  shore.  The  zone  trending  north  20  degrees  east  and  one- 
half  mile  wide,  in  which  the  diabase  occurs  so  abundantly,  is  regarded  as  a  favourable 
prospecting  ground  for  lead,  zinc,  copper,  and  silver  minerals,  which  are  commonly 
associated  in  veins  occupying  faults  and  fissures  in  rocks  of  this  type. 

The  northern  end  of  Wolf  lake  is  surrounded  by  low  land,  drift-covered  and 
presumably  underlain  by  Keweenawan  sediments.  From  the  head  of  Wolf  lake  a 
portage  half  a  mile  long  leads  over  almost  level  boulder  clay  to  a  bay  on  Wigwam 
lake.  Wolf  river,  between  the  two  lakes,  is  a  broad  shallow  stream  flowing  rapidly 
over  boulders. 

Wigwam  lake  occupies  a  linear  basin  which,  but  for  the  occurrence  of  a  botdder 
barrier  at  its  outlet,  would  be  a  continuation  of  Wolf  lake.  The  southern  half  is 
bordered  by  low  drift-covered  shores,  but  Keweenawan  red  tuff  outcrops  as  cliffs  along 
the  northern  half.  These  cliffs  gradually  become  higher  and  closer  together  and  at 
the  northern  extremity  they  are  60  feet  high.  Two  large  blocks  which  have  fallen 
from  the  cliff  on  the  east  side  of  the  lake  form  a  prominent  land  mark  on  the  shore. 
A  small  stream.  Balsam  Brush  creek,  enters  at  this  point  after  traversing  a  short 
gorge  in  a  series  of  falls  and  rapids.  A  portage  1,000  feet  long  was  cut  to  a  navigable 
expansion  of  this  stream^  but  its  exploration  was  discontinued  on  account  of  shallow 
water  and  obstructing  logs.  A  land  traverse  indicated  that  a  sand  and  boulder  clay 
plain  extends  at  least  a  mile  north  and  northeast  from  the  head  of  Wigwam  laka 

Wolf  river  enters  Wigwam  lake  midway,  on  the  west  shore.  The  river  makes  a 
sharp  bend  just  above  its  mouth  and  a  tangle  of  driftwood  piled  up  among  the  trees 
nearby  indicates  that  at  times  of  high  water  it  flows  directly  across  the  forested, 
bouldery  barrier  along  the  lake  shore.  A  portage  of  1,500  feet  leads  from  a  point 
400  feet  northwest  of  the  river  mouth  to  the  outlet'  of  Ked  Rock  lake.  The  trail 
ascends  a  gentle  sand  and  boulder  slope  for  500  feet,  and  after  mounting  a  low  cliff 
of  Keweenawan  sandstone  follows  down  its  gently  dipping  surface  to  Red  Rock  lake. 

The  eastern  shore  of  Red  Rock  lake  is  composed  of  low-lying  Keweenawan  sand- 
stone and  drift.  On  the  western  shore  gpranite  occurs  along  the  southern  half.  Near 
the  narrows  to  the  north  a  small  area  of  red  tuff  rises  abruptly  100  feet  above  the  lake. 
The  northern  end  of  the  lake  consists  of  an  intricate  system  of  shallow  channels 
enclosing  shrub-grown  marshy  areas.  The  river  above  the  lake  meanders  through  a 
silt  and  clay  plain  which  stands  10  feet  above  river-level.  This  is  the  first  area  of 
land  fit  for  agriculture  encountered  since  leaving  the  Dorion  farming  area.  Six 
hundred  feet  upstream  from  the  lake  there  is  a  fall  7  feet  high  over  a  cliff  of  nearly 
flat-lying  red  dolomitic  tuff  and  sandstone;  a  portage  700  feet  long  on  the  right 
avoids  this  obstruction. 

One  mile  above  the  lake  there  is  a  shallow  rapid  and  a  sharp  turn  in  the  main 
stream ;  at  the  bend  a  large  tributary  enters  from  the  northwest.  The  course  up  the 
main  stream  is  pursued  southwesterly  by  following  a  portage  on  the  right,  IJ  miles 
in  length,  which  starts  below  the  rapids  and  the  tributary's  junction.  Half-way 
across  this  portage,  one  passes  from  the  soil  plain  to  an  area  of  thinly  covered 
Keweenawan  sediments.  A  remarkable  view  is  obtained,  near  the  upper  end  of  the 
portage,  of  the  river  descending  in  a  series  of  cascades  and  rapids  through  a  main 
gorge  which  has  been  incised  to  a  depth  of  20  feet  through  horizontally  bedded,  red, 
dolomitic  tuff.  Within  the  gorge  certain  irregular  areas  of  rock  stand  up  promin- 
ently and  divide  the  river,  at  i)eriods  of  low  water,  into  several  channels. 

No  falls  or  rapids  occur  for  H  miles  above  this  long  portage;  this  is  the  longest 
stretch  of  smooth  water  on  Wolf  river.  Two  log  jams  are  passed  by  portages  on 
the  right.  In  proceeding  southerly  upstream  the  area  near  the  river  is  a  plain 
standing  8  feet  above  the  river  and  heavily  covered  with  silt  Low  hills  rise  a  short 
distance  back  from  the  river  and  become  higher  and  closer  to  it  as  one  travels 
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upstream  until  at  the  11-chain  portage  an  area  of  considerable  relief  is  encountered. 
The  river  here  falls  20  feet,  and  the  portage  is  on  the  right  over  white  sandstone. 
This  sandstone  is  nearly  flat-lying  and  is  traversed  by  a  number  of  open  fissures  and 
well-developed  rectangular  joints.  At  an  abrupt  turn  in  the  river  about  500  feet 
above  the  11-chain  portage  the  valley  crosses  what  is  probably  a  fault  The  outcrops 
in  this  vicinity,  though  abundant,  are  not  disposed  in  such  a  way  as  to  render  possible 
a  positive  interpretation  of  the  solid  rock  geology.  The  rock  in  the  bed  of  the  stream 
at  the  foot  of  the  long  rapids  600  feet  west  of  the  abrupt  bend  is  pink  granite  and 
pegmatite  of  the  Basement  Complex.  The  banks  of  the  river  rise  very  steeply  on  either 
side  to  a  height  of  200  feet,  and  expose  the  best  section  of  Nipigon  sediments  which 
occurs  along  this  route.  Lying  on  the  slightly  weathered  granite  there  is  a  basal 
conglomerate  20  feet  thick  composed  of  granite  fragments  in  a  sandstone  matrix. 
Above  this  is  a  conformable  series  of  flat-lying  sediments  made  up  of  100  feet,  mostly 
of  sandstone,  succeeded  by  nearly  100  feet  of  red  tuff.  The  long  rapids  are  passed 
by  a  portage  along  the  top  of  the  cliff  on  the  left  side  of  the  river.  At  li  milea 
above  the  lower  end  of  this  portage,  the  river-level  is  the  same  as  that  of  the  stratuna 
of  red  rock  which  forms  the  top  of  the  tableland,  and  it  is  obvious  that  in  this  dis- 
tance the  river  makes  a  descent  of  approximately  200  feet.  The  course  of  the  river, 
from  the  upper  end  of  the  long  rapids  to  the  junction  of  Greenwood  creek,  is 
southwesterly  for  2  miles,  and  westerly  for  2  miles,  and  in  this  part  of  the  route  there 
are  ^ve  portages  as  follows:  3,000  feet,  on  the  right;  400  feet,  on  the  left;  900  feet,  on 
the  right;  400  feet,  on  the  left;  and  40  feet,  on  the  left. 

In  this  locality  the  country  is  of  low  relief  and  outcrops  of  granite  and  Nipigon 
sediments  are  equally  numerous.  No  features  of  economic  interest  were  observed 
and  it  is  certain  that  the  sediments  occur  as  thin  remnants  of  an  horizontal  covering 
over  the  gently  undulating  surface  of  the  Basement  Complex. 

Twelve  miles  in  a  straight  line  west  from  the  north  end  of  Wolf  lake.  Greenwood 
creek  enters  Wolf  river  as  a  sluggish  stream  20  feet  wide  and  1  foot  deep.  It  is 
navigable  for  1,300  feet  above  the  confluence  and  then  disappears  among  boulders. 
Granite  hills  rise  60  feet  on  either  side  of  the  valley;  the  declivity  is  abrupt  on  the 
right  and  a  portage  1,250  feet  long  starts  from  the  left  bank.  Upon  reaching  the 
highland,  a  scale  of  sandstone  is  found  lying  on  the  granite  and  by  following  westerly 
along  the  relatively  smooth  surface  thus  afforded.  Wolf  river  is  reached.  The 
new  route,  which  leads  to  Greenwood  lake,  branches  southward  from  a  point  on  this 
portage  750  feet  from  its  lower  end,  and  after  traversing  1,000  feet  over  boulder- 
strewn,  granite  hills,  reaches  navigable  water  above  a  large  beaver  dam. 

Greenwood  creek  is  a  very  small  stream  during  dry  seasons  and  the  total  length 
of  the  numerous  portages  which  occur  between  its  mouth  and  Greenwood  lake  is 
about  2  miles.  It  occupies  a  remarkably  straight  valley  and  the  granite  hills  and 
ridges,  which  are  less  than  100  feet  high  near  its  mouth,  gradually  increase  in  going 
4  miles  southerly,  to  a  height  of  TOO  feet  above  the  stream. 

A  large  diabase  dyke  occurs  on  the  portage  which  is  li  miles  above  the  mouth  of 
the  river.  With  this  exception  all  the  rock  observed  along  the  creek  is  granite  and 
pegmatite.  The  only  noteworthy  tributaries  flowing  into  Greenwood  creek  enter 
from  the  south  and  east  at  three-quarters  of  a  mile,  1  mile,  and  2  miles  respectively, 
below  Greenwood  lake.  These  are  unnavigable,  though  they  occupy  deep  valleys. 
An  abrupt  change  in  the  direction  of  Greenwood  Creek  valley  from  south  to  south- 
west, occurs  one  mile  below  the  lake,  but  along  the  projected  line  of  the  river's  trend 
to  the  south  there  are  a  number  of  prominent  drainage  features  which  indicate  the 
existence  of  a  rock  valley  over  20  miles  in  length  trending  almost  parallel  to  the 
west  boundaries  of  Dorion  and  McTavish  townships  and  approximately  3J  miles 
west  of  this  line. 

Greenwood  lake  is  of  the  linear  type,  being  nearly  7  mMes  long,  and  averaging 
a  quarter  of  a  mile  in  width.  Its  outlet  is  4J  miles  west  and  one  mile  north  of  the 
northwest  corner  of  Dorion  township;  its  southern  extremity  is  3  miles  west  and  11 
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miles  north  of  the  southwest  corner  of  Dorion.  The  main  axis  of  the  northern  half 
of  the  lake  trends  north  30  degrees  west.  An  exploration  was  made  in  this  direction 
6  miles  beyond  the  lake.  Three  small  lakes  which  drain  northeasterly  into  Wolf 
river  were  traversed  and  beyond  these,  over  a  divide,  upper  Wolf  river  was  crossed 
where  it  comes  from  the  southwest  through  a  hilly,  granite  country  and  turns  easterly 
in  an  area  underlain  by  Keweenawan  sediments.  At  the  bend  a  stream  joins  from 
the  northwest,  and,  a  short  distance  above,  two  streams  join  from  the  southeast  and 
south;  none  of  the  streams  are  navigable.  From  the  sudden  change  in  the  relief  and 
geology  which  occurs  near  the  bend  it  might  be  inferred  that  the  area  to  the  north 
of  the  high  granite  hills  had  been  downfaulted;  and  from  the  alignment  of  the  rock 
valleys  in  a  direction  north  30  degrees  west  from  the  northerly  end  of  Greenwood 
lake  it  might  be  inferred  that  this  marks  the  position  of  another  fault  of  less  magni- 
tude.   Further  field  work  will  be  necessary  in  order  to  verify  these  inferences. 

The  drift  mantle  is  very  thin  over  the  rugged  granite  and  gneiss  area  which  sur- 
rounds Greenwood  lake.  At  the  southern  end,  however,  there  are  very  large  eskers  in 
the  rock  valleys  and  these  form  part  of  the  divide  between  the  tiny  tributaries  to 
the  lake  and  the  southward-flowing  streams  at  the  headwaters  of  Mackenzie  river. 
The  long,  straight  valleys  in  this  rocky  area  appear  to  be  due  to  faults,  but  the 
character  of  the  rocks  on  either  side  is  such  as  to  make  a  determination  of  this 
matter  difficult.  It  is  known,  however,  that  the  belt  of  schist  complex  which  trends 
nearly  east  from  the  southern  end  of  the  lake  does  not  occur  on  the  western  shore 
along  the  continuation  of  this  strike;  also,  a  fault  has  been  observed  trending  parallel 
to  the  axis  of  Greenwood  lake,  a  short  distance  west  of  it. 

Land  traverses  were  made  westerly  from  several  points  along  Greenwood  lake, 
and  the  divide  between  this  part  of  Wolf  River  system  and  the  southwesterly  flowing 
waters  of  Current  river  was  located;  but  no  portages  were  cut.  A  land  traverse  south- 
westerly from  the  south  end  of  the  lake  crossed  upper  Mackenzie  waters  which  were 
unnavigable  where  seen. 

The  portage  from  the  south  end  of  Greenwood  lake  to  White  Granite  lake  is  li 
miles  long  and  runs  south  80  degrees  east.  The  rock  on  the  highland  crossed  by  the 
trail  is  granite-gneiss  cut  by  numerous  quartz  veins;  greenstone  schists  occur  both 
to  the  north  and  south  at  a  short  distance. 

White  Granite  lake,  and  Shallow  lake — which  adjoins  it  on  the  east — are  boggy 
ponds  each  about  three-quarters  of  a  mile  long.  The  portage  between  them  starts 
at  the  east  end  of  White  Granite  lake  and  leads  southeasterly  a  quarter  of  a  mile. 
It  crosses  a  high,  narrow  ridge  of  coarse-grained,  white,  binary  granite. 

The  creek  whioh  flows  southeasterly  from  Shallow  lake  to  Mackenzie  lake,  2 
miles  distant,  is  imnavigable  except  where  ponds  have  been  formed  above  beaver 
dams.  A  belt  of  banded  mica  schists  and  green  schists  1*  miles  wide  is  crossed  by 
this  creek.  Granite  occurs  on  the  portage  a  few  hundred  feet  before  Mackenzie  lake 
is  reached. 

Mackenzie  lake  occupies  the  northwest  comer  of  !McTavish  township,  and  from 
here  the  route  south  to  Ix>on  station  on  the  Canadian  Pacific  railway  is  throug'i 
McTavish  township,  continuing  almost  parallel  to  its  western  boundary  and  one 
mile  east  of  it.  From  the  eastern  shore  of  the  southern  extension  of  Mackenzie  lako 
the  portage  leads  easterly  for  a  quarter  of  a  mile,  to  a  trail  between  Clegg  and  Twin 
lakes  at  a  point  one  mile  north  of  the  latter.  Twin  lake,  which  is  part  of  the  Pearl 
River  system,  is  a  narrow  body  IJ  miles  long.  A  portage  3,000  feet  long  leads  south- 
southweat  to  the  northeastern  shore  of  Wideman  lake.  The  next  jwrtage  is  only  a 
quarter  of  a  mile  distant,  across  the  east  bay,  at  the  outlet  of  Wideman  lake ;  it  leads 
south  1,300  feet  to  Anderson  lake.  This  narrow  lake  permits  canoeing  for  a  little 
over  half  a  mile;  from  its  outlet  to  Kline  point  on  Loon  lake  there  is  a  portage  2 
miles  in  length.  At  one  mile  south  of  Anderson  lake  a  trail  branches  to  the  southeast 
and  leads  to  the  mouth  of  the  creek  which  enters  the  northeastern  end  of  Loon  lake. 
T^on  station  is  on  the  southern  shore  of  Loon  lake,  three-quarters  of  a  mile  from 


Digitized  by 


Google 


5D 

Kline  point.  The  route  from  Mackenzie  lake  to  Loon  lake  is  through  a  rugged  granite- 
gneiss  area  except  for  the  last  third  of  a  mile,  which  is  underlain  hy  Keweenawan 
sandstone.  The  jgeology  of  a  small  area  immediately  surrounding  Loon  lake  is  very 
complex;  Keweenawan  and  Animikie  sediments  overlie  a  Basement  Complex  of 
Keewatin  schists,  pre-Huronian  sediments,  and  Batholithic  Intrusives.  These  have 
been  intruded  by  diabase  dykes,  and  sills  and  faults  traverse  the  whole  assemblage. 

ECONOMIC  GEOLOGY 

Veiy  little  of  the  area  mapped  on  tliie  exploratory  trip  has  been  prospected,  and 
the  following  notes  are  designed  to  indicate  the  mineral  possibilities  with  particular 
reference  to  the  varions  geological  divisions. 

Schist  Complex.  The  area  underlain  by  the  Schist  Compflex  in  southwestern 
Dorion  is  small  and  presents  no  features  whi<ch  would  indicate  that  it  was  a  promi'sing 
field  in  whicih  to  prospect  for  the  minerals  commonly  souglit  in  Keewatin  areas,  Viz., 
gold  and  iron.  Numerous  barren  quartz  veins  were  noted  in  these  rocks;  and,  wlien 
small  stocks  of  gpranite  jof  younger  age  than  the  regional  granitic  gneiss  are  found 
to  intrude  the  schists^  veins  of  similar  general  appearance  may  be  expected  to  carry 
gold. 

Batholithic  Intrusives.  The  granitic  rocks  which  form  the  'bulk  of  the  highlands 
that  extend  18  miles  north  of  Loon  lake  are  to  be  regarded  as  favouraible  prospecting 
grounds  for  veins  carrying  silver,  lead,  and  zinc,  because  faults,  presumably  of  poet- 
Keweenawan  age,  related  in  trend  and  position  to  diabase  dykes,  occur  in  »bhis  area. 
Deposits  of  molybdenite  may  occur  in  the  pegmatite  dykes.  Molybdenite  occurs 
as  a  primary  mineral  in  pegmatite  compoeed  essentially  of  quartz  and  red  feldspar, 
on  the  trail  along  the  east  side  of  Anderson  lake,  concession  VIII,  lot  5,  Mc/Tavish 
township.  The  pegmatite  is  for  the  mosi;  part  barren,  but  certain  small,  irregularly 
distributed  masses  of  the  rock  contain  erufficient  molybdenite  to  make  a  one-per-cent 
ore.  The  molyibdenite  is  coarsely  crystalline  and  it  woudd  be  iwssible  to  obtain  Vich 
ore  by  hand-cobbing.  The  distribution  of  the  molybdenite  precludes,  in  the  writer's 
opinion,  the  poesibility  of  profitable  extraction  under  present  maricet  conditions. 

The  granitic  batholitiifi  of  nortiiem  Ontario  have  usually  been  regarded  as  un- 
promising areas  in  which  to  search  for  gold,  but  the  geological  work  so  far  done  is 
not  suflBcient  to  determine  the  a^e  relations  of  the  various  granitic  rocks  in  the 
Basement  Complex,  and  there  jis  a  possibility  that  younger  granite  fintrudives  may 
occur,  around  the  margins  of  whicih  in  the  older  gneisses  gold-bearing  veins  may  be 
found. 

Animikie  Series,  Eocks  of  the  Animikie  series  do  not  occur  on  the  highlands 
north  of  Loon  lake,  and  they  are  absent  under  the  thin  scale  of  Keweenawan  sediiment^ 
which  overlies  the  granitic  rocks  on  the  north.  The  Animikie  rodcs  are  also  absent 
under  the  marginal  Keweenawan  sediments,  which  overlie  the  granite  at  the  southerly 
margin  of  tlie  granitic  highlands  half  a  mile  north  of  Loon  lake.  To  the  south  of 
Loon  lake  the  Keweenawan  sediments  are  underlain  by  the  Animikie  rocks.  Both 
series  dip  at  low  angles  toward  the  south-southeast  and  have  been  intruded  by  diabase 
dykes  and  si<lls  and  the  whole  assemiblage  faulted. 

The  iron  ore  occurrences  near  Loon  lake  are  at  present  the  chief  objects  of 
interest  to  those  concerned  with  the  development  of  mineral  deposits  in  the  district. 
The  result  of  this  exploration  i)ermits  of  a  small  contribution  to  the  general  study 
of  the  Animikie  iron  deposits  in  that  it  is  now  possible  to  state  that  the  boundary  of 
the  Animikie  rocks  at  Loon  lake  coincides  approximately  with  the  margin  of  the 
original  basin  of  Animikie  deposition,  the  deeper  part  of  which  lay  toward  the  south. 
No  rocks  which  could  be  recognized  as  having  contributed  to  the  formation  of  the 
Animikie  sediments  either  in  the  form  of  detritus  or  igneous  emanation  were 
encountered  in  the  highland  area. 
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Keweenawan  Sediments.  Keweenawan  sediments  up  to  200  feet  in  thickness 
ooour  in  nearly  horizontal  attitude  over  the  gpreater  part  of  the  country  lying  northeast 
and  south  of  the  granitic  highlands  whioh  extend  18  miles  north  of  Loon  lake  and 
which  narrow  abruptly  about  the  middle  of  Dorion  township  and  extend  easterly 
to  Granite  point.  The  series  consists  of  conglomerate,  sandstone,  red  volcanic  ash, 
and  limestone.  At  certain  localities  the  different  varieties  of  the  fine-gprained  sedi- 
ments are  suitable  for  building  stone. 

The  basal  congloonerate  seen  in  the  valley  of  Wolf  river,  in  Stirling  township^ 
and  in  the  outcrops  north  of  the  east  end  of  Loon  lake,  and  in  the  rode  cut  one 
mile  west  of  Loon  is  remarkable  in  that  the  matrix  between  the  pebbles  is  composed 
largely  of  limestone!  This  is  unusual  in  this  member  in  the  area  examined  to  the 
south.  Nothing  of  conmiercial  value  has  been  foimd  in  this  peculiar  conglomerate, 
but  in  Stirling  township  certain  blocks  of  the  limestone-cemented  conglomerate  were 
polished  by  L.  H.  Cole  of  the  Mines  Branch,  Department  of  Mines,  who  rq^rted  on 
certain  building  stones  in  this  locality,  and  were  found  to  carry  smaH  specks  of  argen- 
tite.  This  oocuraence  of  the  silver  mineral  in  a  conglomerate  matrix  not  associated 
with  a  vein  is  quite  unusual 

Faults  of  late  Keweenawan  age  traverse  the  Keweenawan  sediments,  and  the 
mineralized  vein  material  which  cements  the  fault  fissures  is,  apparently,  tthe  chief 
economic  feature. 

Keweenawan  Irruptives.  Diabase  dykes  intrude  all  the  previously-mentioned 
solid  rocks,  and  there  are  many  sills  of  diabase  in  tiie  Animikie  and  Keweenawan 
sediments.  The  mapping  of  these  irruptives  in  the  rugged,  forested  areas  is  difficult, 
and  a  great  deal  of  traversing  has  yet  to  be  done  before  the  extent  of  the  various 
bodies  can  be  deUmited. 

The  extensions  of  certain  of  the  great  diabase  dykes  shown  on  Map  1911, 
Geological  Survey,  were  located  at  certain  points.  The  exposed  diabase  irruptiveB 
of  this  r^on  are  supposed  to  be  parts  of  a  great  igneous  body  which,  in  the  late 
stage  of  its  cooling,  gave  off  (those  metallic  constituents  that  now  form  part  of  the 
vein-material  in  4ihe  faults  and  fissures  of  late  Keweenawan  age.  None  of  the  known 
well-mineralized  veins  occur  within  the  diabase,  although  they  are,  in  most  cases, 
near  and  oriented  in  relation  to  diabase  intrusives.  Prospectors  are  advised  to 
search  for  mineralized  veins  along  faults  which  traverse  or  border  the  diabase  masses. 

LiUe  Keweenawan  Veins.  For  a  general  note  on  the  mineral  character  and 
occurrence  of  the  late  Keweenawan  veins  in  this  general  area  reference  may  be  made 
to  the  Summary  Keport  of  the  Oeological  Survey  for  1919.  Li  the  course  of  the 
exploration,  though  no  prospecting  was  attempted,  several  late-Keweenawan  veins 
were  observed.  Most  of  these  are  exposed  on  the  highlands  along  the  route  between 
Loon  and  Mackenzie  lakes;  they  trend  northeasterly  and  are  small  and  barren  except 
for  occasional  crystals  of  galena.  It  is  probable  that  larger  veins  occur  in  the  linear 
topographic  depressions  which  parallel  the  course  of  the  veins,  for  example,  the 
valley  followed  by  the  stream  draining  Mackenzie  lake. 

An  interesting  vein  was  discovered  at  a  point  1,200  feet  west  of  the  base  of  a 
cove  on  the  west  aide  of  Greenwood  lake  and  1)  miles  north  of  its  soulii  end.  A 
brecciated  fault  zone  was  there  found  to  trend  north  10  degrees  west  across  the  folia- 
tion of  the  gneiss.  The  shattered  rocks  are  filled  with  a  cement  of  quartz  and  a 
small  amount  of  galena,  and  through  llhis,  close  to  the  eastern  wall,  a  later  fissure 
had  be^i  filled  with  a  vein  of  coarsely  crystalline  marcasite  averag^ing,  1}  feet  ia 
width  through  the  exposed  distance  of  50  feet.  Chemical  tests  of  the  marcasite  reveal 
no  precious  metals  or  impurities.  It  is  the  only  vein  of  this  character  known  in  this 
region,  except  where  the  landward  extension  of  Silver  Islet  vein  crosses  the  ^anorthite^ 
dyke. 
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INVESTIGATION  OF  PEAT  BOGS  IN  ONTARIO* 
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ICap  195S.     Arthur  peat  bog,  Palpoonge  township.  Thunder  Bay  district,  Ont 7 

1952.     Twin  Cities  and  William  peat  bogs.  Thunder  Bay  district,  Ont 8 

'1961.    Verona   peat  bog,   Camden   ESast  and   Portland   townships,   Addington   and 

Frontenac  counties,  Ont. 9 

INTHODUOTION 

Four  peat  bogs  were  surveyed  during  the  summer  season  of  1921,  in  order  to 
determine  the  area,  depth,  and  qualities  of  peat  contained  in  each.  This  inyestiga- 
tion  started  late  in  June  and  was  carried  on  during  July,  August,  September,  and 
part  of  October.  E.  M.  Casey  acted  as  a  field  assistant.  A  total  area  of  11,089  acres 
of  peat  bogs  was  investigated  in  Ontario  during  1921. 

Three  of  the  four  bogs  surveyed  are  situated  near  the  cities  of  Fort  William  and 
Port  Arthur.  These  are  called  here  the  Arthur,  William,  and  Twin  Cities  bogs. 
The  fourth  bog  surveyed  is  situated  near  Verona,  in  Addington  and  Frontenao 
counties. 

I  ARTHUR  PEAT  BOO 

This  bog  is  about  9  miles  west  of  Fort  William  in  the  township  of  Paipoonge, 
Thunder  Bay  district  It  extends  in  a  northeast  and  southwest  direction  (See  Map 
1953).    The  total  area  is  about  1,474  acres. 

Of  this  area  542  acres  have  a  depth  of  less  than  5  feet  with  an  average  depth  of 
8  feet,  and  932  acres  have  a  depth  of  more  than  5  feet  with  an  average  depth  of  7 
feet.  The  volume  of  peat  contained  is  2,623,000  cubic  yards  in  an  area  with  a  depth 
of  lees  than  5  feet,  and  10,523,000  cubic  yards  in  an  area  with  a  depth  of  more  than 
5  feet  The  bog  is  rather  shallow,  but  it  is  free  from  knolls  and  the  surface  is  quite 
level  and  would  make  an  admirable  drying  field.  Most  of  the  surface  is  heavily 
wooded  with  alders,  dwarf  spruce,  dwarf  birch,  and  poplar.  The  southwestern  side 
of  the  bog  could  not  be  used  as  a  drying  field  because  it  is  margined  on  that  side 
by  an  abrupt  bank.  The  bog  can  easily  be  drained  as  it  is  45  feet  above  the  Eamin- 
istikwia  river,  and  the  southern  end  of  the  bog  is  only  1,000  feet  from  the  river. 

The  peat  in  this  bog  is  fairly  well  humified  and  could  be  manufactured  for  fuel. 
The  peat  is  heavily  intermixed  with  roots  and  stumps,  but  in  most  cases  these  are 
sufSoiently  decomposed  for  a  drill  to  penetrate.  Samples  show  that  the  peat  is  com- 
posed mainly  of  carex  plants  slightly  intermixed  with  sphagnum  and  eriophorum, 
the  former  being  the  more  prevalent 

The  bottom  is  formed  of  reddish  sand  intermixed  with  clay. 

1  All  figures  in  this  report  are  approximate.  A  ton  is  considered  as  2,000  pounds.  A  cubic 
yard  of  drained  bog  is  assumed  to  be  equal  to  200  pounds  of  dry  peat 

In  the  tables  of  analyses,  flffures  in  column  R  refer  to  fuel  as  received,  and  in  column  D 
to  fuel  dried  at  105<>C.  The  analyses  were  made  on  the  fuel  as  received  and  the  other  results 
were  calculated  therefrom. 
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The  542  acres  less  than  5  feet  may  be  excluded  from  consideration  as  a  oom- 
mercial  source  of  peat  Allowing  2  feet  for  the  decrease  in  depth  through  draina^r^, 
the  remaining  932  acres  would  have  an  average  depth  of  5  feet  and  a  total  of  7^18,000 
cubic  yards.  The  total  dry  tonnage  is  762,000  tons  or  1,003,000  tons  of  peat  fuel 
having  25  per  cent  of  moisture. 

Analysis  of  Peat  from  the  Arthur  Peat  Bog 


Sample 


II 


III 


Moisture % 

Ash % 

Volatile  matter % 

Fixed  carbon  (by  difiference) % 

Sulphur % 

Nitrogen % 

Calorific  value  in  calories  per  gram,  gross 

"      value  in  B.Th.U.  per  lb.,  gross 

Fuel  ratio,  fixed  carbon,  volatile  matter 


7-3 

13-9 

52-8 

260 

0-4 

1-8 

4,160 

7.480 

0-49 


150 

670 

280 

0-4 

1-9 

4.490 

8,070 

0-49 


.     91 

12-3 

62-4 

26-2 

0-5 

1-6 

3.840 

6.920 

0-50 


13-4 

67-7 

28-8 

0-6 

1-7 

4.230 

7.620 

0-50 


90 

12-5 

53-3 

25-2 

0-5 

1-5 

3,980 

7.160 

0-47 


13-7 

58-6 

27-7 

0-6 

1-6 

4.370 

7,860 

0  47 


WILLIAM  PEAT  BOG 

This  bog  is  situated  near  Fort  William  and  Port  Arthur,  in  Mclntyre  and  Neebing 
townships.    It  extends  in  a  northeast  and  southwest  direction  (See  Map  1952). 

Its  total  area  is  1,789  acres.  Of  this  area  926  acres  have  a  depth  of  less  than 
5  feet  with  an  average  depth  of  3  feet,  and  863  acres  have  a  depth  of  more  than  5  feet 
with  an  average  depth  of  7  feet.  The  volume  of  the  peat  contained  is  4,482,000  cubic 
yards  in  an  area  less  than  5  feet  deep  and  9,743,000  cubic  yards  in  an  area  more  than 
5  feet. 

The  peat  is  fairly  well  humified  and  could  be  utilized  for  the  manufacture  of 
machine  peat  fuel.  It  is  slightly  inferior  to  the  peat  in  the  Arthur  bog.  It  is  rather 
shallow,  but  the  surface  is  free  from  knolls  and  is  comparatively  level  and,  therefore, 
suitable  as  a  drying  field.  The  entire  surface  is  heavily  wooded  with  spruce,  alders, 
dwarf  birch,  and  i)oplar.  This  bog  could  be  easily  drained,  as  the  eastern  end  id 
situated  1,000  feet  from  Mclntyre  creek  and  the  southern  end  is  about  the  same 
distance  from  Neebing  creek,  both  of  which  flow  with  a  free  current.  Stumps  and 
roots  were  encountered,  which  do  not  seem  to  be  as  well  decomposed  as  those  in  the 
Arthur  bog,  but  they  should  not  amount  to  a  serious  hindrance.  The  peat  is  mainly 
composed  of  carex  plants,  heavily  intermixed  near  the  surface  with  sphagnum; 
occasionally,  eriophorum  is  found.  Remains  of  various  aquatic  plants  were  visible 
in  the  deeper  section  of  the  bog. 

The  bottom  is  formed  of  reddish  sand  intermixed  with  clay. 

The  samples  were  found  greatly  deficient  in  cohesive  properties.  This  is  due 
to  the  frost  penetrating  almost  the  entire  thickness  of  peat  before  snow  covered  the 
surface.    Such  occurrences  seem  to  be  characteristic  of  this  part  of  the  country. 

Both  the  Arthur  and  William  bogs  are  very  conveniently  situated  as  regards 
market.  The  Arthur  bog  is  traversed  both  by  the  Canadian  Northern  and  Canadian 
Pacific  railways  and  the  William  bog  is  situated  in  the  immediate  vicinity  of  the 
Twin  Cities. 

Excluding  from  consideration  the  926  acres  of  bog  which  is  less  than  5  feet  deep 
and  allowing  2  feet  for  drainage,  there  are  approximately  863  acres  of  utilizable  peat 
with  an  average  depth  of  6  feet.  The  total  volume  is  6,962,000  cubic  yards.  The 
total  dry  tonnage  is  696,000  tons  or  928,000  tons  of  peat  fuel  having  25  per  cent  of 
moisture. 
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Analysis  of  Peat  from  the  William  Peat  Bog 


Sample 


Moisture 9J 

Ash Tr 

Volatile  matter ^c 

Fixed  carbon  (by  difference) ^ 

Sulphur % 

Nitropen % 

Calorific  value  in  calories  per  gram,  gross 

Calorific  value  in  B.  Th.  U.  per  lb.,  gross 

Fuel  ratio,  fixed  carbon,  volatile  matter 


R 

D 

6-2 
106 

11-3 

60*3 

63-2 

23-9 

265 

0-3 

0-4 

1-7 

1-8 

4,500 

4,800 

8,100 

8.630 

0-41 

041 

TWIN  CITIES  PEAT  BOO 

This  bog  lies  within  the  city  limits  of  Fort  William  and  Port  Arthur.  It  extends 
in  a  northeast  and  southwest  direction  (/See  Map  1952).  The  total  area  is  993 
acres,  of  which  895  acres  have  a  depth  of  less  than  5  feet  with  an  average  depth  of 
3  feet,  and  98  acres  have  a  depth  of  more  than  5  feet  with  an  average  depth  of  5  feet. 
There  are  4,332,000  cubic  yards  in  the  area  with  a  depth  of  less  than  5  feet  and 
794,000  cubic  yards  in  the  area  with  a  depth  of  more  than  6  feet. 

The  peat  is  fairly  well  humified  and  is  suitable  for  fuel.  The  bog  is  very  shallow 
but  it  is  already  thoroughly  drained,  as  this  section  has  been  laid  out  for  the  expan- 
sion of  the  Twin  Cities  and  is,  therefore,  never  likely  to  be  worked  for  peat. 

It  is  almost  free  from  wooded  growth  and  the  surface  is  level.  This  bog  is  mostly 
composed  of  sphagnum  slightly  intermixed  with  carex  and  eriophorum  plants. 

The  bottom  of  the  bog  is  formed  of  reddish  sand  intermixed  with  clay. 

The  895  acres  with  a  depth  of  less  than  6  feet  may  be  left  out  of  consideration 
as  a  source  of  commercial  peat.  As  the  bog  is  already  thoroughly  drained  no  shrink- 
age allowance  for  drainage  need  be  made  for  the  remaining  98  acres  with  an  average 
depth  of  5  feet,  which  have  a  total  volume  of  791,000  cubic  yards  of  peat.  The  total 
tonnage  of  dry  substance  is  79,000  tons,  or  105,000  tons  of  peat  fuel  having  25  per 
cent  moisture. 

Analysis  of  Peat  from  the  Twin  Cities  Peat  Bog 


Sample 


R 

D 

6-7 

80 

8-6 

58-2 

62-4 

271 

290 

0-5 

0-5 

1-4 

15 

4.520 

4.850 

8.140 

8.730 

046 

046 

Moisture ^c 

Ash % 

Volatile  matter */< 

Fixed  carbon  (by  difference) Tt 

Sulphur 9< 

Nitrogen ^c 

Calorific  value  in  calories  per  gram,  gross 

f 'alorific  value  in  B.  Th.  IJ.  per  lb.,  gross 

Fuel  ratio,  fixed  carbon,  volatile  matter 


VERONA   PEAT  BOG 

The  east  end  of  this  bog  lies  south  of  Verona,  the  central  part  is  south  of  Bell- 
rock,  and  the  western  part,  about  one  mile  south  of  Enterprise,  in  Camden  East  and 
Portland  townships,  Addington  and  Frontenac  counties  {See  Map  1951).  Its  total 
area  is  6,833  acres.  Of  this  area:  (a)  1,429  acres  have  a  depth  of  less  than  5  feet 
with  an  average  depth  of  4  feet;  (b)  2,121  acres  have  a  depth  of  from  5  to  10  feet 
with  an  average  depth  of  7  feet;  (c)  1,881  acres  have  a  depth  of  from  10  to  15  feet 
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with  an  average  depth  of  12  feet;  (d)  1,302  acres  have  a  depth  of  from  15  to  20  feet 
with  an  average  depth  of  16  feet;  and  (e)  100  acres  have  a  depth  of  more  than  20 
feet  with  an  average  depth  of  20  feet. 

The  volume  of  peat  contained  is  approximately: 

9,222»000  cubic  yards  In i (a) 

2M6M00       "         •*  (6) 

86.418,000       *•         "  (c) 

88.618.000       "         "  (d) 

8.280.000       "         "  (e) 

The  bog  is  deepest  between  Verona  and  Bellrock  and  if  the  surface  there  were 
cleared  and  the  bog  properly  drained  it  would  be  very  suitable  for  fuel.  It  has  the 
special  advantage  of  long  working  lines  and  wide  spreading  fields.  The  bog  in 
Camden  East  township,  though  shallower,  is  of  satisfactory  depth  and  has  good 
working  lines.  Both  of  these  sections  would  be  suitable  for  the  manufacturing  of 
peat  by  any  of  the  present  known  methods,  which  require  long  and  wide  spreading 
and  drying  fields. 

The  bog  south  of  Verona  is  divided  by  Hardwood  creek  which  flows  south  into 
Cameron  creek.  The  section  between  Cameron  cut  and  Hardwood  creek  drains  into 
Napanee  lake  which  in  turn  drains  down  Napanee  river.  The  bog  west  of  Depot 
river  drains  into  Cameron  creek  which  flows  towards  Cameron  cut.  The  land  rises 
considerably  on  either  side  of  the  bog  so  that  it  lies  more  or  less  in  a  continuous 
valley. 

The  surface  has  been  flooded  during  the  greater  i>art  of  the  spring,  but  since  the 
dam  at  Cameron  cut  was  removed  it  has  a  better  chance  to  dry. 

The  peat  throughout  the  whole  bog  is  very  well  humified,  has  good  cohesive  pro- 
perties, and  possesses  a  considerable  depth.  The  peat  is  composed  mainly  of  carex 
remains  of  cprasses,  dead  trees,  and  shrubs.  No  sphagnum  was  encountered  and  only 
once  a  few  hypnum  plants  were  noticed.  The  bottom  layers  of  the  bog  are  composed 
of  aquatic  plants  below  which  is  a  layer  of  about  2  or  3  feet  in  depth  of  greenish 
gelatinous  substance  which  seemed  to  be  composed  of  vegetable  and  diatomaoeoua 
siliceous  shells,  freshwater  moUusks,  and  littoral  remains.  The  greater  part  of  the 
peat  is  thickly  intermixed  with  roots,  logs,  and  stumps.  The  bog  is  very  heavily 
wooded  with  ash,  soft  maple,  birch,  willows,  poplars,  alders,  and  numerous  other 
varieties  of  deciduous  bushes. 

The  bottom  of  the  bog  is  a  thin  layer  of  blue  clay  under  which  stone  or  sand  is 
encountered. 

This  bog  is  very  well  situated  as  regards  market  and  shipping  facilities,  being 
surrounded  by  farming  districts  and  small  villages  and  touching  at  the  east  end  the 
Canadian  Pacific  railway  and  at  the  west  end  the  Canadian  Northern. 

Leaving  out  of  consideration  the  1,429  acres  with  a  depth  of  less  than  5  feet 
and  allowing  3  feet  for  the  decrease  in  depth  through  drainage,  there  is  left: 

Feet 

2.121  acres  with  an  average  depth  of  approxiniately 5 

1.881       "  "         "  "  10 

1.802       "         *  "         "  "  14 

100       "         "       "  "  "         "  «•  18 

There  is  a  total  volume  of  79,768,000  cubic  yards  of  utilicable  peat  and  the  total 
dry  tonnage  would  be  7,977,000  tons  or  10,636,000  tons  of  peat  fuel  having  25  per  cent 
of  moisture. 

The  drainage  of  this  bog  could  be  effected  by  blasting  and  deepening  Cameron 
cut  The  clearing  and  drainage  in  general  would  be  rather  costly,  but,  on  a  large 
scale,  the  peat  could  be  manufactured  on  a  commercial  basis. 


Digitized  by 


Google 


11  D 


Analysis  of  Peat  from  the  Verona  Peat  Bog 
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Volatile  matter 

Fixed  carbon  (by  di£Ference) t^ 

Sulphur % 

Nitro^ % 

Calonfio    value    in    calories    per 

sram,  gfc&B 

Calorific  value  in  B.  Th.  U.  per  lb., 
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Fuel  ratio,  fixed  carbon,  volatile 

matter 


9-7 

15-6 

54-8 

19-9 

21 

2-4 

4,130 

7.430 

036 


17-3 

60-7 

220 

23 

2-7 

4.570 

8.230 

0-36 


0-3 

13-4 

550 

21-4 

1-6 

2-6 

4.130 

7.480 

0-38 


14-8 

61-6 

23-6 

1-7 

20 

4.550 

8,180 

0-38 


10-3 
120 
55-2 
22-5 
1-4 
2-8 

4,200 

7.500 

0-43 


13-3 

61-6 

251 

1-6 

31 

4.680 

8.430 

0-43 


111 
19-7 
48-4 
20-8 
10 
2-4 

3.780 

6.800 

0-42 


22-2 

54-4 

23-4 

11 

27 

4.250 

7.650 

0-42 
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SYNOPSIS  OF  INFORMATION  CONCERNING  THE  PEAT 
SITUATION  IN  CANADA 

By  A.  Anrep 
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Peat  is  a  combustible  substance  formed  from  Tegetable  matter  by  processes  of 
accumulation  through  ages,  and  slow  decay  resulting  in  various  degrees  of  humifica- 
tion.^ 

The  degrees  of  humification  and  the  quality  of  peat  depend  upon:  (a)  the 
temperature  under  which  the  peat  was  accumulated;  (h)  tfce  kind  of  vegetation  from 
which  it  is  formed. 

Following  is  a  convenient  and  practical  classification  of  peat  based  on  the  degree 

of  humification: 

(   A    ) 

(  )  highly  humilled ;  good 

(  A—) 
(AB+) 
Peat  suitable  for  the  manufacture  of  peat  (  )  well  humified 

fuel  (  AB  ) 

(AB— ) 

(  )  fairly  well  humified 

(B+   ) 

(    B     )  less   well   humified ;   poor 
not  suitable  for 

B the  manufacture  of 

peat  fuel  or  peat  litter 
(BC+) 

(  )  slightly   humified;   poor 

(   BC  ) 
(  BC  ) 
Peat  suitable  for  the  manufacture  of  peat  (  )  fairly  free  from  humus 

litter  (  C4-    ) 

(    C     ) 

(  )  almost   free    from    hiunus;    good 

(  C— ) 

Peat  in  its  natural  state  contains  from  87  per  cent  to  92  per  cent  of  moisture, 
according  to  the  drainage  of  the  bog.  This  content  of  moisture  must  be  reduced  lu 
25  per  cent  or  30  per  cent  before  the  peat  can  be  used  as  efficient  fuel;  and  to  20  per 
cent  or  22  per  cent  of  moisture  to  produce  good  peat  litter. 

Peat  fuel  bogs  are  formed  from  the  following  kinds  of  vegetable  matter: 

Mosses,  especially  sphagnum  and  hypnum. 
Carex  plants  such  as  rushes,  sedges,  and  grasses. 

Scirpus  and  eriophorum  plants  such  as  club-rushes  and  cotton  grasses. 

Heath  plants,  aquatic  plants,  and  trunks  and  roots,  fallen  trees  and  leaves,  etc. 

Peat  litter  bogs  are  former  principally  from  the  mosses,  especially  sphagnum. 
Peat  bogs  are  classified  according  to  location  and  composition  as: 

iHumiflcation  is  here  used  to  mean  the  change  of  vegetable  matter  into  humu9  or  vegetable 
mould,  rendering  the  soil  favourable  to  forest  growth. 
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High  Bogs:  Formed  principally  of  the  remains  of  mosses,  eriophorum  plants, 
heath  plants,  and  forest  residue.  Some  of  these  bogs  are  shaped  like  enormous 
sponges  and  vary  in  depth  from  3  feet  to  30  feet  or  more  towards  the  middle. 

Low  Bogs:  Formed  principally  of  remains  of  carex  and  aquatic  plants,  which 
require  more  nourishment  than  the  plants  forming  the  vegetation  of  high  bogs.  ILow 
bogs  are  found  chiefly  in  localities  which  are  occasionally  or  i)eriodically  flooded.  The 
depth  varies  from  1  foot  to  9  feet  or  slightly  more. 

PEAT  AS   FUEL 

The  greatest  difficulty  in  the  economical  manufacture  of  peat  fuel  is  the  removal 
of  water.  Up  to  the  present  the  air-dried  process  has  given  the  best  results.  This 
method  has  been  greatly  improved  by  processes  that  adapt  it  to  weather  and  labour 
conditions.  The  season  during  which  peat  can  be  manufactured  in  Canada  is  very 
short,  varying  from  90  to  100  days,  but  under  favourable  conditions  and  with  existing 
improved  apparatus  the  manufacture  of  peat  fuel  should  prove  commercially  successful 
if  properly  conducted. 

The  methods  employed  for  the  manufacture  of  air-dried  peat  fuel  are: 

Hand-cut  peat;  raw  peat  is  cut  out  of  the  bog  by  hand  and  air-dried,  without 
undergoing  any  mechanical  treatment. 

Wet  or  tramp  peat;  raw  peat  with  water  added  to  it  is  tramped  by  horses  or  men 
and,  when  of  a  proper  consistency,  is  run  into  moulds  in  the  open  to  be  air-dried. 

Machine  peat;  raw  peat  is  dug  mechanically  or  by  hand  and  elevated  into  a 
macerator,  where  it  is  subjected  to  intense  maceration.  The  macerated  peat  is 
mechanically  transported  and  spread  in  the  open  where  it  is  left  to  be  air-dried. 

As  soon  as  the  spread  peat  is  sufficiently  dry  to  be  handled  it  is  turned  and  after 
a  few  days  is  cubed,  the  cubes  being  piled  in  beehive-shaped  heaps.  This  is  done  by 
hand  and  when  manufactured  on  a  large  scale,  the  harvesting  and  the  loading  into 
railway  cars  are  conducted  mechanically. 

One  and  four-fifths  tons  of  machine  peat  are  equal  in  calorific  value  to  1  ton 
of  anthracite  coal.  Peat  is,  however,  much  more  bulky,  having  3-6  to  4  times  the 
volume  of  anthracite.  It  is,  therefore,  more  expensive  to  transport  and  for  this 
reason  the  bog  should  be  situated  close  to  transportation  and  market.  If  the  bog  is 
not  favourably  located  the  manufactured  peat  may  be  burned  in  gas  producers  for 
the  developing  of  electric  energy;  for  the  manufacture  of  by-products,  chiefly 
a.mmonium  sulphate;  or  it  may  be  coked  or  converted  into  powder. 

GENERAL  USES  OF  PEAT 

Peat  is  a  good  fuel  for  grates,  cooking  stoves,  and  Quebec  heaters.  It  is  very 
clean  to  handle  and  can  be  easily  ignited;  it  bums  with  a  long  yellow  flame  and 
leaves  as  a  rule  a  small  deposit  of  yellow  or  red  powdery  ash  free  from  clinkers. 

Peat  is  well  adapted  for  use  in  furnaces  during  the  early  spring  and  late  autumn 
when  a  short,  quick  fire  is  desired;  during  the  winter  months  it  should  be  mixed  with 
coal  when  the  fire  bums  low.  Our  winters  are  too  severe  for  peat  to  be  used  by 
itself  in  ordinary  furnaces. 

Peat  has  also  been  satisfactorily  used  under  boilers,  but  it  requires  a  gpreat  deal 
of  stoking  and  feeding. 

Peat  litter  is  manufactured  entirely  from  sphagnum  mosses,  which  are  almost 
free  from  humus.  The  raw  peat  is  dug  out  with  spades  in  brick  form  during  the 
autumn  months,  spread  out  on  the  surface  of  the  bog,  and  left  to  freeze  until  the 
following  spring.  After  it  has  been  air-dried  it  is  brought  to  the  plant  and  passed 
through  a  tearing  machine.  During  this  process  a  certain  amount  of  ^'mull"  is 
formed.  The  product  from  the  disintegrator  passes  through  a  sieve  and  the  two 
products  are  separated,  and  afterwards  pressed  separately  into  bales. 
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Peat  litter  having  great  absorption  qualities  and  being  a  natural  cleanser,  is 
extensively  used  in  northern  Europe  as  bedding  for  horses,  cattle,  and  other  barnyard 
animals,  except  sheep.  It  can  also  be  used  as  an  absorbent  and  paddng  for  surgical 
dressings,  as  absorption  pads  for  sanitary  purposes,  for  the  manufacture  of  i>aper 
and  alcohol,  and,  mixed  with  molasses,  as  food  for  fattening  cattle. 

HAl^UFACTURE  OF  PEAT  FUEL  IN  OANADA 

Millions  *of  dollars  of  public  money  have  been  unprofitably  spent  in  Europe, 
United  States,  and  Canada  in  testing  inventions  for  manufacturing  artificially  dried 
peat  fuel.  In  1918,  a  joint  Peat  Committee  was  appointed  by  the  Governments  of 
Canada  and  Ontario  to  promote  the  peat  industry  in  Canada  by  experimenting  with 
and  developing  the  most  suitable  and  successful  of  air-drying  devices.  After  careful 
investigations  the  air-dried  process  was  adopted,  and  in  1919  the  committee  erected 
two  improved  plants  on  the  Alfred  peat  bog,  near  Alfred,  Presoott  county,  Ontario, 
on  the  Ottawa-Montreal  short  line,  of  the  Canadian  Pacific  railway,  42  miles  from 
Ottawa,  to  obtain  accurate  data  as  to  the  best  plant  for  use  in  this  country. 

A  small  quantity  of  briquetted  peat  is  also  manufactured  by  Le  Combustible 
National  Limiti^  at  Ste.  Therese  de  Blainville,  Que.,  20  miles  northwest  of  Montreal. 
No  detailed  information  is  available  in  reference  to  the  practice  followed. 

FALLACIES  IN  REGARD  TO  DRTIKa  PEAT 

Artificial  Dryivg.  Many  attempts  have  been  made  to  devise  a  substitute  for 
air  drying  but  so  far  they  have  not  been  successful.  A  short  comparison  of  a  few 
of  the  best  known  systems  is  given  below. 

(a)  By  putting  the  peat  through  an  artificially  heated  dryer,  through  which  a 
strong  current  of  air  is  driven,  thus  imitating  the  natural  process  of  air  drying: 

A  very  well  drained  bog  contains  on  an  average  85  per  cent  moisture,  but  often 
a  little  more.  If  such  a  bog  be  rendered  absolutely  dry,  the  product  would  have  a 
calorific  value  of  1-8  B.T.U.  per  pound  or  5,400  calories.  A  drier  constructed  to 
utilize  80  per  cent  of  the  calorific  value  of  its  fuel — if  such  a  drier  could  be  constructed 
— would  require,  to  evai)orate  the  water  from  100  i)Ounds  of  peat,  a  consumption 
represented  by  the  formula, 

85  (per  cent  of  moisture)  X  ^^  (degrees  latent  heat) _ 

0-8  (per  cent  efficiency)  X  5,400  (calories  of  heat  per  gram  of  peat)  "" 

12-4  pounds  of  dry  peat,  and  the  yield  would  be  15  pounds  of  dry  peat  Even  under 
such  nearly  ideal  conditions,  therefore,  100  pounds  of  wet  peat  would  produce  only  2| 
pounds  of  perfectly  dry  peat. 

(h)  By  treating  the  peat  in  a  vacuum  apparatus.  If  a  vacuum  apparatus  could 
be  constructed  capable  of  vapourizing  about  25  i>ounds  of  water  for  every  pound  of 
dry  peat  consumed  by  it,  having  a  calorific  value  of  5,400  calories,  then  from  the  12-5 
pounds  of  peat  substance  contained  in  100  pounds  of  peat  pulp  having  87*5  per  cent 

87-5 
of  moisture  there  would  be  obtained  12*5  -  — —  or  9  pounds  of  dry  peat,  that  is,  73 

25 

per  cent  This  would  be  quite  satisfactory,  but  no  such  efficient  apparatus  has  been 
invented ;  and  even  if  there  were  such  a  machine  it  would  be  too  expensive  to  operate 
profitably. 

(c)  Attempts  have  also  been  made  to  remove  mechanically,  by  means  of  filters, 
presses,  and  centrifugal  pumps,  so  much  water  from  the  peat  that  the  remaining  water 
could  be  economically  expelled  by  artificial  heat  In  rare  instances  it  has  been 
feasible  with  certain  kinds  of  peat  pulp  to  reduce  the  water  content  in  this  manner 


Digitized  by 


Google 


15  D 

to  65  per  cent,  but  in  the  majority  of  cases  a  reduction  to  70  per  cent  is  difficult  to 
obtain.  Even  if  a  press  could  reduce  the  moisture  content  to  70  per  cent,  the  cost 
of  fuel  for  artificial  drying  would  still  be  too  great.  For  instance,  100  pounds  of 
peat  with  70  per  cent  moisture  would  require  (as  in  previous  calculations)  11  pounds 
of  dry  peat  for  heating  the  drier.  In  addition  allowance  would  have  to  be  made  for 
working  expenses  or  depreciation,  and  for  the  fuel  consumption  for  mechanical  power. 
Of  the  30  pounds  of  peat  substance  produced  at  least  half  would  be  consumed  in  the 
operation.  The  centrifugal  method  for  reducing  the  water  content  of  ordinary  peat 
is  even  less  effective  than  pressing.  Of  course  if  peat  so  treated  contains  70  per 
cent  of  moisture  and  could  be  dried  in  a  vacuum  apparatus,  a  net  output  would  be 

87' 6 
available  of  30 —— =26-5  iKJunds,  or  88  per  cent  of  the  fuel  content  of  the  original 

peat  This  would  be  a  satisfactory  result,  but  as  before  mentioned  not  only  would  It 
be  difficult  to  bring  down  the  water  content  to  70  per  cent,  but  no  vacuimi  apparatus 
of  sufficient  capacity  has  been  invented. 

Peat  is  composed  of  gelatinous  matter  and  because  of  its  gelatinous  consistency 
it  is  difficult  to  remove  the  water  from  peat  pulp.  It  is  comparable  in  this  respect  to 
gelatinous  silica  and  alumina.  When  pulped  peat  is  treated  in  a  filter  press  a  thin 
layer  of  gelatinous  peat  gathers  on  the  surface  of  the  canvas,  preventing  the  water 
from  passing  through.  If  the  best  humified  peat  is  squeezed  in  the  hand  it  will  be 
found  that  the  peat  squeezes  through  the  fingers,  without  losing  a  drop  of  water. 

Experiments  have  also  been  carried  on  with  the  so-called  osmotic  method  to  have 
the  raw  peat  submitted  to  mechanical  pressure  and  simultaneously  traversed  by  an 
electric  current  parallel  to  the  direction  of  the  pressure  which  tends  to  send  the 
water  towards  the  cathode.  This  method  is  supposed  to  destroy  the  peat  cells  and 
render  the  water  more  easily  expressible  from  the  peat.  However,  it  has  been  proved 
that  well  humified  x)eat  is  not  cellular;  for  the  reason  that  the  vegetable  cells  of  the 
original  plant  matter  are  destroyed  by  humification. 

(d)  A  great  deal  of  money  has  been  spent  upon  the  wet-carbonized  system.  The 
raw  peat  pulp  is  treated  under  pressure,  to  a  temperature  of  150**  C  and  even  higher, 
during  which  time  the  peat  undergoes  a  two-fold  change. 

(1)  It  loses  its  gelatinous  character  and  becomes  amorphous,  thus  permitting  the  water 
to  be  more  readily  separated. 

(2)  It  becomes  coked  or  "wet-carbonized"  the  completeness  of  which  process  depends  on 
the  temperature  used. 

Even  this  system  so  far  has  not  proved  economical  and  very  little  has  been  heard 

of  it  during  recent  years. 

AREA  OF  PEAT  LANDS  INVESTIGATED  IN  CANADA 

According  to  R.  Chalmers'  report  on  peat,^  there  are  in  Canada  approximately 
37,000  square  miles  of  bogs.  Since  May,  1908,  a  systematic  investigation  of  the  peat 
bogs  has  been  carried  on  during  the  summer  months,  but  only  a  fraction  of  this  area 
has  been  examined. 

In  Ontario  forty-six  bogs  have  been  surveyed.  These  have  a  total  area  oi 
123,321  acres  and  contain  approximately  110,109,000  short  tons  of  peat  fuel  containing 
25  per  cent  of  moisture  and  618,000  tons  of  peat  litter  containing  20  per  cent  of 
moisture. 

In  Quebec  twenty-three  bogs  with  a  total  area  of  76,649  acres  have  been  surveyed. 
These  contain  approximately  70,458,000  tons  of  peat  fuel  containing  25  per  cent 
moisture  and  6,890,000  tons  of  peat  litter  containing  20  per  cent  moisture. 

In  New  Brunswick  thirteen  bogs  have  been  surveyed.  These  have  a  total  area 
of  3,604  acres  and  contain  499,000  tons  of  peat  fuel  (approximately)  containing  25 
per  cent  moisture  and  2,268,000  tons  of  peat  litter  containing  20  per  cent  moisture. 

1  Chalmers,  R.,  Mineral  Resources  of  Canada,  Bull,  on  Peat.     Geol.  Surv.,  Can.,  1904. 
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In  Nova  Scotia  eight  bogs  have  been  surveyed.  These  have  a  total  area  of  8,671 
acres  containing  approxinuitely  6,188,000  tons  of  peat  fuel  containing  25  per  cent 
moisture,  and  453,000  tons  of  peat  litter  containing  20  per  cent  moisture. 

In  Prince  Edward  Island  six  bogs  have  been  surveyed.  These  have  a  total  area 
of  5,856  acres  containing  l,dl3,000  tons  of  peat  fuel  (approximately)  containing  25 
per  cent  moisture,  and  1,160,000  tons  of  peat  litter  containing  20  per  cent  moisture. 

In  Manitoba  nine  bogs  have  been  surveyed.  These  have  a  total  area  of  6,530 
acres  containing  approximately  1,868,170  tons  of  i)eat  fuel  containing  25  per  cent 
moisture,  and  2,553,110  tons  of  peat  litter  containing  20  per  cent  moisture. 

Ecconnaissance  survey  has  also  been  made  of  some  large  bogs  in  Manitoba,  which 
aggregate  approximately  236,000  acres. 

A  total  of  one  himdred  and  five  bogs  have  been  fully  surveyed  with  an  aggregate 
area  of  approximately  224,131  acres.  These  contain  190,330,170  tons  of  fuel  and 
20,588,110  tons  of  litter  containing  20  per  cent  moisture. 

Total  reconnaissance  survey:  number,  9;  approximately  236,000  acres. 
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INTRODUCTION 

Gald  was  discovered  in  this  district  in  1918,  but  was  at  that  time  considered  as  of 
minor  importance  compared  with  the  pyrite  deposits,  both  because  of  the  emallness  of 
the  gold-bearing  veins  and  because  of  war-demand  for  pyrite.  It  was  not  until  the 
discovery  of  gold  in  the  Murphy  property,  township  28,  range  XXVI,  in  the  spring 
of  1921,  that  the  district  attained  any  prominence  as  a  possible  gold  producer. 

During  the  summer  of  1921  the  district  to  the  east  and  west  of  Goudreau  was 
visited  by  A.  G.  Burrows  of  the  Ontario  Bureau  of  Mines  who  made  a  brief  but 
timely  oflScial  report^  on  the  principal  properties. 

During  the  field  season  of  1921  the  vnriter  was  given  very  able  assistance  by 
W.  F.  James  and  S.  H.  Davis.  Only  the  former,  however,  was  with  him  during  the 
examination  of  the  gold  properties  in  the  Goudreau  district.  The  writer  cannot 
speak  too  highly  of  the  assistance  rendered  by  him  in  that  connexion,  particularly  in 
working  out  the  detailed  geology  of  claim  408  on  Murphy  lake. 

The  writer  wishes  also  to  acknowledge  the  kindness  and  co-operation  of  the  various 
residents  of  Goudreau,  whose  names  are  too  numerous  to  mention  separately,  the 
hospitality  and  help  extended  by  Messrs.  Brighton,  Cline,  Webb,  and  Daimpre,  and 
the  very  kind  assistance  rendered  by  officials  of  the  Algoma  Central  railway. 

LOCATION 

The  gold-bearing  area  (Figure  1)  is  near  Goudreau  station,  on  the  Algoraa 
Central  and  Hudson  Bay  railway,  177  miles  north  of  Sault  fite.  Marie  and  about  17 
miles  south  of  Franz,  the  junction-point  of  the  Algoma  Oentral  railway  and  the 
Canadian  Pacific  railway.  Gold  has  been  found  on  both  sides  of  the  railway,  the 
older  di^coveries  lying  to  the  east,  the  newer  ones  to  the  west,  of  the  right-of-way.  The 
more  important  claims  may  be  reached  either  by  canoe  route  or  by  wagon  road,  and 
are  included  for  the  most  part  in  township  28,  range  XXVI,  township  27,  range 
XXVII,  and  township  20,  range  XXVII,  Algoma  district. 

TOPOGRAPHY 

The  contour  of  this  comparatively  small  area  is  of  the  same  character  as  in  the 
rest  of  the  Michipicoten  district.  Undulating  rocky  country  alternates  with  marshy 
ground,  and  the  district  is  studded  with  lakes  and  streams.    Most  of  the  water  to 

1  Burrows,  A.  O..  Can.  MIn.  Jour.,  vol.  XLII,  No.  31,  Augr.  5.  1921. 
40892—2 


Digitized  by 


Google 


18  D 

the  west  of  Goudreau  drains  west  into  liCagpie  river;  the  streams  and  lakes  to  the 
east  of  Goudreau  drain  soutli  and  east  into  Michipicoten  river.  T^e  country  on  either 
side  of  the  Algoma  >Central  railway  has  been  burnt  over  at  least  once,  and  in  several 
instances,  two  or  three  times,  and  there  is  little  timber  except  second-growth  p<^lar 
iud  birch. 


GeofogicoJ  Suni/Gy^  Cstn^bd^. 


Figure  1. 


Index  map  showiner  location  of  ^oups  of  erold  claims  in   Goudreau  area,  Alcroma 
district.  Ontario.     1.  Murphy;  2.  McCarthy- Webb ;  3.  Cllne. 


GENERAL  GEOLOGY 

Most  of  the  rocks  are  acid  and  basic  volumes  of  the  Keewatin  formation,  but 
these  volcanics  have  intercalated  with  them  small  bands  of  iron  formation  and  are 
intruded  by  a  boss  of  gpranite.  All  three  of  these  formations  are  cut  by  the  diabase 
dykes  of  probable  Keweenawan  age  which  are  so  prevalent  in  this  region.  The  dykes 
are,  in  general,  younger  than  the  gold  ore  deposits,  the  veins  being  faulted  by  them 
in  several  places.    The  geological  succession  is  briefly  as  follows : 

Pleistocene  deposits  of  boulder  clay,  sand,  and  other  loose  deposits 

Diabase  dykes  of  probable  Keweenawan  a^e 

Granite 

Iron   formation 

Keewatin  volcanics  (both  acid  and  basic) 
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PLEISTOCENE 


The  Pleistocene  deposits  are  for  the  most  .part  sand  and  gravel  with  smaller 
amounts  of  boulder  elay.  Numerous  large  4)oulders  suggest  old  beaches  or  terraces 
of  lake  Superior  or  its  predecessor.  Evidence  of  ice  action  is  not  so  common  here 
as  in  some  localities,  but  occasional  striae  and  morainic  material  may  be  observed. 

DUBASE  DYKES 

The  diabase  dykes  are  of  two  distinct  types.  The  first — the  younger — usually 
contains  olivine;  the  second  is  an  older  quartz  diabase.  Both  types  have  already 
been  described^  in  detail,  and  it  is  only  necessary  to  add  that — as  with  the  pyrite 
deposits — the  gold  veins  mostly  remain  unaffected  by  the  intrusion  of  the  olivine 
diabase  dykes,  but  are  sometimes  faulted  along  the  fissures  occupied  by  the  quartz 
diabases.  These  diabase  dykes  seem  to  be  more  prevalent  to  the  east  of  the  Algoma 
Central  railway  than  they  are  to  the  west 

GRANITE 

The  only  boss  of  granite  observed  in  this  area  is  in  the  middle  of  township  28, 
range  XXVI.  It  is  coarse-grained  rock,  gneissoid  in  places,  and  consists  chiefly  of 
quartz,  orthoclase,  plagioelase,  and  chlorite,  with  minor  amounts  of  calcite,  limonite, 
and  hornblende.  It  varies  in  composition  from  a  fine  granite  to  a  granodiorite. 
Locally  it  is  porphyritic  and  corresponds  to  a  very  coarse  quartz  porphjrry.  It  is  close 
to  the  best  gold-showing  in  the  district  and  had  apparently  some  connexion  with  the 
deposition  of  the  ore.  It  weathers  very  readily,  showing  a  characteristic  white  sur- 
face. It  is  traversed  by  numerous  acid  dykes  that  vary  from  pegmatites  to  quartz 
veins,  the  latter  in  some  cases  carrying  free  gold  and  sulphides.  The  granite  intrudes 
the  Keewatin  volcanics,  but  is  older  than  the  diaibase  dykes. 

mON  FORMATION 

The  iron  formation  has  already  been  described.^  It  differs  from  the  majority  of 
other  iron  formations  in  the  predominance  of  the  siderite  and  pyrite  members.  The 
bands  of  iron  formation  are  confined  for  the  most  part  to  the  eastern  half  of  the  area 
(Figure  2),  but  one  or  two  have  also  been  encountered  west  of  the  Algoma  Central 
railway.  In  some  places  the  rocks  of  this  formation  have  yielded  gold  values,  but 
principally  it  would  appear  from  being  traversed  by  small  gold-bearing  quartz 
stringers. 

KEEWATIN   VOLCANICS 

These  volcanics  form  80  or  90  per  cent  of  the  rock  outcrops.  They  comprise 
volcanic  flows  of  two  distinct  types,  acid  and  basic,  and  a  few  occasional  flows  of 
an  intermediate  composition  corresponding  to  andesites  or  quartz  andesites.  West 
of  tlie  Algoma  Central  railway  the  basic  tyi)es  predominate,  but  to  the  east  of  the  right- 
of-way  the  acid  flows  are  the  more  common.  For  the  most  part  the  acid  rocks  in 
this  locality  are  older  than  the  iron  formations,  whereas  most  of  the  basic  flows  are 
younger  than  these.  Exceptions  to  this  general  rule  are  to  be  found,  however,  older 
basic  flows  and  younger  acid  flows  being  encountered  in  some  places. 

Basic.  The  basic  Keewatin  rocks  have  already  been  described^  and  attention 
will  be  confined  to  individual  types  in  which  there  are  gold-bearing  veins.  These  are 
for  the  most  part  fine-fiprained  volcanics  with  the  original  texture  and  composition 
of  a  basalt,  but   so  highly   altered   that   their   original   composition   is   difficult   or 

1  Collins.  W.  H..  "The  Ore  Deposits  of  Goudreau  and  Magpie-Hawk  Areas  in  Michipicoten 
District,"   Oeol.  Surv.,  Can.,  Sum.  Kept..  1918.  pt.  E. 
aLoc.  cit. 
«  Loc.  dt. 
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impossible  to  determine.  In  certain  instances,  when  quartz  is  present  they  mav 
more  properly  be  classed  as  quartz  andesites.  Under  the  microscope  they  appear  a*? 
highly  weathered  rocks  consisting  chiefly  of  altered  plagioclase  and  hornblende,  but 
containing  also  considerable  secondary  carbonate  and  quartz.  The  quartz  occurs  chiefly 
in  the  form  of  small  stringers,  whereas  the  carbonate  appears  both  in  that  form  and 
as  an  alteration  product  of  the  other  minerals.  The  feldspars  are  largely  altered  to 
kaolin,  sericite,  or  carbonate,  the  hornblende  in  some  cases  to  chlorite.  In  the  vicinity 
of  veins  this  rock  frequently  carries  biotite,  quartz,  muscovite,  and  occasional  needles 
of  tourmaline,  as  a  result  of  the  hydrothermal  processes  accompanying  vein  intrusion. 

In  some  places  the  surficial  types,  amygdaloids,  vesicular  lavas,  and  tuffs  are 
prevalent,  and  in  others  the  fine-grained  volcanics  give  place  locally  to  a  coarse- 
grained basic  rock  corresponding  to  an  amphibolite.  In  some  places  these  rocka 
become  porphyritic  and  although  very  highly  altered  their  original  porphyrite  char- 
acter may  be  determined. 

Acid.  As  in  the  case  of  the  basic  volcanics  only  those  acid  types  in  which  the 
gold-bearing  veins  occur  need  be  described.  The  quartz  porphyry  and  feldspar  por- 
phyry types  are  the  important  acid  flows  in  this  regard,  but  a  felsitic  type  also  carries 
some  gold-bearing  veins.  An  ottrelite  porphyry  occurs  in  small  amount  These  acid 
rocks  are  traversed  in  places  by  numerous  short  stringers  carrying  gold-bearing 
quartz.  The  stringers,  or  veins,  are  of  two  types,  one  following  the  schistosity  of  the 
rock  and  the  other  cutting  across  it. 

Structure,  According  to  Collins^  the  rocks  of  the  Keewatin  complex  in  this 
district  have  been  folded  along  an  axis  pointing  60  degrees  east  of  north;  and  the 
intrusion  of  the  older  Precambrian  diabase  dykes  was  connected  wth  a  milder  earth 
movement  which  resulted  in  faults  of  considerable  size.  The  writer  has  noted  like- 
wise that  in  connexion  with  the  younger  Precambrian  diabase  dykes  there  has  been 
some  movement  resulting  in  places — notably  in  the  Murphy  claims — in  the  very  slight 
displacement  of  some  of  the  gold-bearing  veins. 


ECONOMIC  GEOLOGY 

GOLD 

The  gold  ore  carriers  in  this  district  are  of  three  distinct  types,  two  of  them 
much  more  prevalent  than  the  third.  The  first  type  is  represented  by  small  quartz 
veins  following  the  lines  of  schistosity  of  the  Keewatin  formations.  These  veins  are 
sometimes  arranged  in  groups  following  the  shear  zones,  but  are  seldom  of  sufficient 
width,  nor  closely  enough  bunched,  to  be  worth  working.  For  the  most  part  the  ganguo 
material  is  quartz,  but  occasionally  some  carbonate  accompanies  the  siliceous  matter. 
Needles  of  black  tourmaline  are  frequent  in  veins  of  this  type  and  occasionally  occupy 
the  entire  width  of  the  vein.  The  sulphides,  pyrite,  pyrrhotite,  and  chalcopyrite,  are 
to  be  found,  and  galena  is  a  very  rare  constituent.  Veins  of  this  kind  occur,  as  u 
rule»  either  in  the  acid  volcanic  schists  or  at  the  contact  of  an  acid  and  a  basic  flow, 
but,  in  places,  they  run  into  the  basic  rocks.  For  the  most  part  the  acid  volcanics 
are  more  schistose  than  the  basic  rocks  and  seem  to  have  provided  a  better  opportunity 
for  the  formation  of  the  veins.  The  presence  in  the  acid  rocks  of  more  carbonate 
than  in  the  basic  rocks  may  have  been  the  determining  factor  in  the  deposition  of  the 
metallic  content  in  the  veins,  and  may  explain  the  greater  amount  of  sulphides  con- 
tained in  the  veins  cutting  the  acid  rocks.  The  presence  of  tourmaline  and  pyrrhotite. 
both  high  temperature  minerals,  points,  apparently,  to  a  pegmatitic  origin  for  these 
veins.  These  "  shear-veins  "  are  seldom  more  than  a  few  inches  wide  nor  continuous 
in  length  for  more  than  a  few  feet.  The  vein-forming  solutions  have  impregnated 
the  wall-rocks  on  either  side  for  a  few  inches  so  that  values  may  be  obtained  a  short 
distance  away  from  the  vein. 


^  I^oc.   cit. 
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The  second  ijpe  of  vein  cuts  across  the  schistosity  of  the  rocks  at  various  angles. 
This  type  is  found  cutting  two  formations  in  different  parts  of  the  field.  East  of 
the  Algoma  Central  railway,  veins  of  this  type  cut  across  the  acid  volcanics  of  the 
quartz  porphyry  and  feldspar  porphyry  types,  whereas  west  of  the  right-of-way  on  the 
claims  owned  by  M.  Gutcher,  of  Gbudreau,  similar  veins  cut  the  granite  boss  already 
described. 

These  two  phases  of  the  "  cross-vein  "  type  are  quite  dissimilar  and  will  be  dis- 
cussed separately.  The  veins  cutting  the  acid  volcanics  of  the  Keewatin  vary  in 
width  from  a  few  inches  to  2  feet  or  more  and,  in  places,  as  on  the  McCarthy- Webb 
property  in  township  27,  range  XXVII,  they  may  be  traced  for  20  or  30  feet.  They 
carry,  beside  the  usual  quartz  content,  pyrite,  native  gold,  and  numerous  black 
needles  of  tourmaline.  They  are,  as  noted  by  Collins,  younger  than  the  "  shear-veins," 
and,  in  places,  cut  across  them.  The  mineral  solutions  have  not,  apparently,  impreg- 
nated the  wall-rock  to  the  same  extent  as  in  the  case  of  the  "  shear-veins."  Like  the 
"  shear-veins,"  these  veins  are,  for  the  most  part,  neither  continuous  nor  wide  enough 
to  exploit.  In  a  few  cases  several  of  them  may  be  bunched  close  together,  but  the 
gold  values  appear  to  be  too  uncertain  to  ensure  imyable  production.  Cross-veins  of 
this  type  are  found  intersecting  the  iron  formation  of  the  district.  Occasionally 
the  iron  formation  rocks  carry  gold  values  which  appear,  on  casual  inspection,  to 
come  from  the  iron  formation  itself,  but  on  closer  examination  these  are  found  to  be 
due  in  every  case  to  "  cross-veins "  or  stringers  of  quertz  which  vary  in  width  from 
paper  thickness  to  8  or  4  inches.  These  ''  cross-veins "  have  not  been  found  of  suffi- 
cient size  to  encourage  development. 

The  '^cross-veins"  cutting  the  granite  boss  probably  represesnt  the  most  acid 
phase  of  the  pegmatite  dykee.  This  type  was  observed  onily  on  the  Gutoher  claim 
where  the  veins  are  very  irregular  in  width  and  extent  and  carry  considerable  pyrite 
and  eovellite  as  well  as  a  little  free  gold,  chalcopyrite,  and  muscovite.  This  type  of 
vein  is  described  in  more  detail  on  page  25. 

The  last  type  of  vein  is  found  only  in  the  Murphy  group.  This  vein  is  of  the 
fissure  type  and  angles  across  the  strike  of  both  the  acid  and  basic  volcanics  of  the 
Keewatin  series.  As  it  is  cut  and  slightly  faulted  by  a  younger  diabase  dyke  ita 
deposition  must  have  preceded  the  intrusion  of  these  dykes. 

The  prevalence  of  tourmaline  in  all  these  types  suggests  that  the  gold-bearing 
solutions  were  an  integral  part  of  the  last  juices  of  the  granite  magma.  The  fact 
that  the  Keewatin  rocks  in  this  district  are  surrounded  by  granite,  and  the  appear- 
ance of  a  small  granite  boss  near  the  Murphy  claims,  indicate  that  granite  underlies 
a  comparatively  shallow  covering  of  older  Keewatin  rocks.  If  this  be  the  case,  the 
injection  of  pQgmatitic  mineralized  solutions  into  the  cracks  and  fissures  of  the  over- 
lying Keewatin  rocks  would  be  a  natural  consequence  of  the  last  stages  of  cooling  of 
the  granite  magma.  The  presence  of  tourmaline  in  most  of  these  veins  supports  this 
theory.  The  metallics  pyrrhotite  and  chalcopyrite  might  also  be  expected  under  such 
conditions.  That  native  gold  has  been  found  on  the  Gutcher  claim  in  quartzose 
veins  of  the  pegmatite  type,  cutting  the  boss  of  granite,  shows  that  gold-bearing 
solutions  were  not  foreign  to  the  granite  body  itself. 

Description  of  Properties 

McCprmicJc.  This  property,  SSM  2188,  is  situated  in  township  26,  range 
XXVII,  east  of  Pine  lake.  A  fairly  good  wagon-road  runs  from  Gk>udreau  station 
to  the  east  end  of  Pine  lake,  whence  a  very  good  trail  leads  to  this  and  adjoining 
claims.  An  alternative  route  is  by  wagon-road  to  Teare  lake  and  thence  by  lake  and 
portage  to  the  east  end  of  Pine  lake  where  the  aforementioned  trail  may  be  picked 
up.  A  shallow  pit  about  9  feet  deep  has  been  sunk  on  the  band  of  iron  formation  in 
basic  Keewatin  volcanics,  with  a  strike  of  70  degrees  and  a  dip  of  70  degrees  to  the 
north.  This  band,  which  is  from  2}  to  4  feet  in  width  and  about  70  feet  long,  carries 
considerable  amounts  of  (pyrrhotite  and  quartz  as  well  as  minor  amounts  of  chalco- 
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nyrite,  pyrite,  sphalerite,  and  carbonate.  Gold  values  at  the  shaft  are  said  to  vary 
from  $46.60  on  the  surface  to  $19.20  at  a  depth  of  4  feet.  No  values  of  consequence 
have  been  obtained  from  other  parts  of  the  band. 

FuHer-Blach  S8M  218J^.  This  property  adjoins  the  McCormick  on  the  west.  At 
the  contact  between  acid  and  basic  Keewatin  flows,  at  a  point  near  the  south  boundary 
of  this  claim,  a  small  quartz  stringer  carries  pyrrhotite,  chalcopyrite,  and  pyrite,  as 
well  as  some  free  gold.  The  acid  rock,  which  is  a  quarte  porphyry,  lies  to  the  north, 
and  the  basic  rock  to  the  south.  The  rocks  and  the  vein  strike  at  107  degrees  and  vary 
in  dip  from  70  degrees  to  the  north  to  vertical.  The  basic  Keewatin  carries  consider- 
able pyrite  and  has  a  rusted  appearance  15  or  20  feet  south  from  the  contact.  Values 
of  $25  a  ton  in  gold  are  reported  to  have  been  obtained  from  this  stringer. 

Cline,  8SM  2185.  This  claim  is  north  of  2183  and  east  of  2'184.  It  is  owned  by 
J.  P.  Cline,  of  Goudreau.  The  gold  values  here  have  been  found  in  a  band  of 
sulphide-bearing  basic  Keewatin  volcanic  at  the  contact  with  the  acid  quartz  porphyry, 
both  rocks  striking  east  and  west  and  having  a  vertical  dip.  This  band  is  said  to  carry 
values  in  gold  up  to  $6. 

Cline,  8SM  2186.  This  claim  adjoins  2185  on  the  east  Four  small  pits  have 
been  sunk,  three  close  to  the  western  boundary  and  the  fourth  near  the  centre  of  the 
claim.  The  first  is  a  shallow  depression  where  a  few  shots  have  been  put  in  after 
stripping.  Here  a  narrow  band  of  acid  Keewatin  vqlcanic  from  8  inches  to  3  feet 
:n  width,  shot  through  with  smiall  "shear-veins^'  and  "cross-veins''  of  quartz  carrying 
pyrite,  pyrrhotite,  tourmaline,  and  a  little  native  gold,  ia  intercalated  in  the  basic 
Keewatin  rocks.  This  band  has  a  strike  of  105  (fegrees  and  a  vertical  dip.  Gold 
values  at  this  point  are  said  to  range  from  $5  to  $150  a  ton. 

About  200  feet  east  of  this  is  another  shallow  pit,  sunk  on  a  quartz  vein  6  inches 
to  1  foot  wide,  with  a  schisted  zone  4  feet  wide,  carrying  smaller  "  cross-stringeps  " 
next  to  the  foot-walL  The  vein  strikes  east  and  west  and  dips  at  an  angle  of  75  to 
80  degrees  to  the  north.  The  wall-rock  is  basic  Keewatin.  The  vein  carries  much 
the  same  metallic  constituents  as  at  the  first  pit  and  shows  gold  values  which  are 
said  to  range  from  $20  to  $24  a  ton. 

At  the  last  pit  a  10-foot  hole  has  been  sunk  on  a  quartz  vein  2  inches  to  1  foot 
wide,  with  a  schisted  zone  2  to  3  feet  wide  immediately  south  of  the  vein.  The 
country  rock  on  either  side  is  a  coarse  basic  Keewatin  volcanic.  The  vein,  which 
carries  pyrite,  pyrrhotite,  magnetite,  and  a  little  free  gold,  strikes  east  and  west  and 
dips  85  degrees  to  the  north.  Free  gold  has  been  found  for  about  35  feet  along  this 
vein  which  has  a  total  length  of  about  60  feet,  but  average  samples  have  not  been 
taken.  Grab  samples  are  said  to  have  given  high  values.  Pit  No.  3  is  about  100  feet 
north  of  the  second  pit  and  is  sunk  on  a  composite  quartz  vei^,  20  to  30  inches  wide, 
with  a  strike  of  118  degrees  and  a  dip  of  70  degrees  to  the  north.  This  vein,  which 
parallels  the  schistosity  of  the  basic  Keewatin  through  which  it  runs,  carries  pyrite, 
magnetite,  and  tourmaline.  A  more  solid  band  of  quartz  near  the  foot-wall  carries 
the  gold  Values,  which  are  not  high.  A  sample  taken  by  Collins  in  1919  from  a 
vein  10  inches  wide  which  lies  about  half-way  across  the  claim  and  300  feet  north 
of  the  trail,  was  aeeayed  by  the  Department  of  Mines  and  found  to  contain  $1.20  of 
gold  a  ton.  _ 

Cline,  SSM  2189.  This  claim  is  one  claim  east  and  one  claim  south  of  SSM  2186. 
Close  to  its  northeast  comer  a  pit  25  feet  deep  has  been  sunk  on  some  small  quartz 
stringers,  samples  from  which  are  said  to  have  yielded  very  high  values  in  gold.  These 
stringers  cut  the  basic  Keewatin  rocks  for  the  most  part,  but  also  a  narrow  acid  flow 
to  a  minor  degree.  Both  flows,  which  strike  east  and  west  and  have  a  vertical  dip, 
are  cut  by  a  younger  diabase  dyke  with  a  strike  of  165  degrees. 

Wehh,  SSM  2^70.  This  property,  which  is  owned  by  Joseph  Webb  of  Sault  Ste. 
Marie,  is  situated  near  the  east  end  of  Godin  lake  in  township  25,  range  XXVII,  near 
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the  line  between  townships  25  and  26.  It  may  be  conveniently  reached  by  water-route 
from  Lochalshy  a  station  on  the  Canadian  Pacific  railway  east  of  Franz;  or  less  easily 
by  a  continuation  of  the  same  route  by  which  the  Oline  claims  are  reached  from 
Goudreau.  The  coimtry  has  been  recently  burnt  over  in  that  vicinity  so  that  the 
rocks  are  well  exposed  in  most  places.  The  gold  values  have  been  foimd  in  a  band  of 
discontinuous  "  shear-veins "  occurring  in  the  echistosity  planes  of  the  basic  Kee- 
watin  rocks.  These  rocks  have  a  strike  of  100  degrees  and  a  vertical  dip.  This  band 
is  said  to  extend  for  1,700  feet,  but  only  200  to  300  feet  of  it  was  seen  by  the  writer. 
The  stringers  vary  in  width  from  a  few  inches  to  6  or  10  feet  and  there  are  some 
"  cross-stringers  "  cutting  them  in  places.  Gold  values  have  been  obtained  from  this 
band,  which  carries  some  pyrite.  At  a  small  pit  east  of  the  main  showing,  a  com- 
posite vein  of  quartz  and  basic  Keewatin  rock,  with  a  width  of  about  6  feet,  carries 
considerable  carbonate.    The  country  rock  here  also  is  basic  Keewatin. 

Wehh'McCarihy,  8SM  20Jfi  and  2050.  These  claims  are  owned  by  Joseph  Webb 
and  B.  J.  MoCarthy,  of  Sault  8te.  Marie,  and  are  isituated  near  the  south  boundary 
of  township  27,  range  XXVI,  on  the  north  shore  of  Iron  or  Webb  lake.  The  gold 
showings  are  in  an  acid  Keewatin  flow,  which  occupies  the  north  half  of  the  claims,  and 
which  is  in  contact  with  a  basic  flow  to  the  south.  This  acid  volcanic  corresponds  to  a 
highly  silicified  quartz  porphyry  schist  and  is  seamed  with  numerous  "  ehear-veine  " 
and  "  cross-veins  "  which  carry  the  gold.  The  schist  strikes  about  east  and  west  and 
has  a  dip  of  70  to  80  degrees  to  the  north.  The  contact  between  the  two  flows, 
however,  runs  to  the  south  slightly,  and  the  veins  on  the  adjoining  claim  to  the  west 
(2051)  are  also  to  be  found  in  the  same  acid  flow.  Neither  the  "  shear-veins"  nor  the 
**  cross-veins  "  which  intersect  this  flow  are  continuous  for  any  considerable  distance, 
200  feet  being  the  maximum,  the  width  varying  from  2  inches  to  16  inches.  Both 
types  of  vein  carry  considerable  black  tourmaline  as  well  as  some  pyrite  and  free  gold 
In  one  or  two  of  the  "  shear-veins  "  tourmaline  occupies  the  entire  width  of  the  vein. 
The  rock  itself  is  in  many  places  impregnated,  a  short  distance  from  the  vein,  with 
both  pyrite  and  tourmaline.  The  ''  shear-veins  "  are  about  twice  as  numerous  as  the 
"  cross-veins ".  At  the  contact  of  the  two  flows  a  small  vein  shows  exceptionally 
high  values  in  gold.  Most  of  the  showings  of  free  gold  are  on  claim  2050.  Just 
east  of  the  west  boundary  of  2049  an  olivine  diabase  dyke  outcrops,  and  no  showings 
were  olbserved  east  of  this  dyke. 

Wehh'McCarihy,  SSM  2051.  No  work  of  consequence  has  been  done  on  these 
claims  since  Collins  described  them.  They  occur  in  the  same  acid  flow  as  those  on 
2049  and  2060.  The  "  cross-veins "  are  rather  larger  and  contain  considerable  black 
tourmaline. 

This  set  of  three  claims  is  readily  accessible  by  road  and  trail  or  by  road  and 
canoe-route  from  Goudreau  station. 

BanvUle-Page.  Claim  532  owned  by  J.  Banville  and  O.  Page  is  situated  on  the 
north  shore  of  Rowan  lake  in  the  middle  of  township  28,  range  XXVI  (Figure  2)  and 
west  of  the  Algoma  Central  railway.  All  those  previously  descrijbed  lie  several  miles 
east  of  the  railway  (Figure  1).  A  fair  wagon  road  runs  from  Goudreau  station  to  the 
Murphy  claims  passing  along  the  south  shore  of  Sowan  lake,  from  where  a  canoe  or 
boat  must  be  taken  to  the  claim.  An  alternative  route  is  by  canoe  through  a  string  of 
lakes  and  portages.  Gold  has  been  found  on  this  claim  in  a  contorted  band  of  iron 
formation  cut  by  numerous  "  cross-stringers  "  of  quartz.  The  iron  formation  con- 
sists chiefly  of  carbonate  and  quartz.  The  country  rock  is  a  basic  Keewatin  schist, 
with  a  strike  of  105  degrees  and  a  vertical  dip.  The  "cross-stringers"  contain  a 
little  chalcopyrite  as  well  as  occasional  flakes  of  gold,  a  few  ''shear-veins"  were 
observed  in  the  country  rock.  The  iron  formation  is  only  6  to  10  feet  in  width,  and 
is  contorted  locally  in  the  form  of  an  overturned  fold,  with  the  axis  of  the  fold 
pointing  northw(*st.     A  6-foot  pit  has  been  sunk  on  this  band. 
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Outcher,  88M  SJfi.  This  property,  which  is  in  township  28,  range  XXVI,  lies 
west  of,  and  is  connectedi  by  trail  with,  the  Murphy  claim.  The  granite  boss  abeady 
mentioned  outcrope  on  this  claim  and  the  gold-bearing  veins  are  evidently  quartzose 
phases  of  pegmatitic  dykes  representing  the  last  stages  of  cooling  and  differentiation 
of  the  granite  magma.  The  granite  shows  gneissoid  structure  in  places  and  in  others 
merges  into  a  coarse  quartz  porphyry.  The  veins  cutting  the  granite  have  been 
classed  with  the  ''  cross-veins  "  for  the  sake  of  convenience,  although  they  do  not  show 
the  same  characteristics  €is  the  ^'  cross-veins  "  cutting  the  Keewatin  volcanics.  Gold 
has  been  found  in  a  quartz  vein  1  to  ^  feet  wide  carrying  considerable  pyrite,  covellite, 
and  muscovite,  as  well  as  some  little  chalcopyrite,  malachite,  and  ankerite.  This 
vein  has  a  strike  of  approximately  126  degrees  and  dips  at  an  angle  of  70  degrees  to  the 
north.  It  has  been  traced  for  200  feet  and  in  one  or  two  pkces  has  side  stringers.  A 
larger  quartz  vein  a  short  distance  away  in  the  samer  kind  of  rock  has  a  maximum 
width  of  12  feet,  but,  so  far  as  the  writer  was  able  to  observe,  carries  no  values. 
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Geolog'C&l   Survey.  Caj^ada. 


Figure  3.     Diagram  showing  geology  of  Murphy  claims,  A.C.  407  and  A.C.  408,  Goudreau 

area,  Algoma  district,  Ontario. 

Murphy  Claims.  In  townAip  28,  range  XXVI,  on  the  north  shore  of  Murphy 
lake,  a  group  of  four  Iclaims,  407  to  410,  were  staked  by  Thomas  Murphy  and  James 
Perry,  of  Goudreau.  The  first  discovery  was  made  in  a  quartz  vein  in  claim  No.  408 
where  quite  coarse  gold  was  found  at  several  places  in  a  distance  of  20  feet  In  the 
montli  of  Septemlber  these  cAaimis  were  surveyed.  A  fair  wagon  road  connects  these 
claims  with  Ooudreau  station,  5  or  6  miles  distant.  An  alternative  route  is  by  a 
string  of  lakes  and  portages.  Most  of  the  work  has  been  done  on  408,  in  the  south- 
east corner,  where  the  test  feold  showings  have  been  found.    Several  acres  of  ground 
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have  been  cleared  and  tiie  yein  has  been  stripped  for  its  entire  length  and  sunk  on  for 
dO  feet.  Although  the  vein  is  confined  chiefly  to  408,  small  stringers  are  found  in  the 
adjoining  claim  407.  The  main  yein  has  a  strike  varying  from  east  and  west  to 
295  degrees  and  a  dip  from  60  degrees  to  the  south  to  verticaL  It  has  been  traced 
for  about  800  feet,  with  a  width  of  from  1  to  10  feet.  Its  country  rock  is  for  the 
most  part  basic  Keewatin,  but  it  intersects  an  acid  flow  toward  its  western  end*  both 
with  a  strike  of  about  100  degnreea  and  a  vertical  dip.  The  gangue  material  is  chiefly 
quartz  with  numerous  small  needles  of  tourmlaline  which  give  it  a  black  colour.  The 
metallics  are  for  the  most  part  native  gold,  pyrrhotite,  and  chalcopyriite^  but  appreci- 
able amounts  of  bomite,  pyrite,  and  sphalerite  are  also  found.  Running  parallel  with 
the  vein  for  a  considerable  distance,  and  occupying  part  of  the  same  fissure,  is  a  band 
of  carbonate  iron  formation  Iwhich  weathers  on  the  surface  to  Ihnonite.  The  country 
rock  for  about  a  foot  on  either  side  of  the  vein  has  been  largely  impregnated  with 
quartz  and  the  metallic  constituents  of  the  vein.  At  one  point  the  vein  has  been 
offset  76  feet  on  a  bearing  of  230  degrees  by  a  younger  diabase  dyke  about  50  feet 
wide,  which  strikes  lat  140  degrees.  Native  gold  has  been  found  at  nimierous  places 
along  the  vein  and  a  good  showing  was  noted  by  the  writer  at  the  bottom  of  the 
20-foot  shaft 

Regarding  another  vein,  Mr.  Burrows  reports  as  follows  in  his  preliminary  report 
issued  last  summer.  Work  has  also  been  done  on  claim  407  to  the  east.  At  the  west 
line,  200  feet  nortih  of  Murphy  lake,  a  narrow  quartz  vein  about  a  foot  in  width  has 
been  traced  65  feet;  it  istrikes  south  80  degrees  east.  The  wall-rock  for  a  few  inches 
is  quite  rusty  and  carries  sulphides.  Visible  gold  was  observed  at  two  points  along 
the  vein.  About  200  feet  easterly  from  the  west  line  work  has  been  done  on  a  wide 
ankerite-schist  band  up  to  20  feet  in  width,  which  carries  quartz  veins  roughly  parallel 
with  the  ankerite  band.  It  has  been  traced  for  170  feet  in  a  direction  south  70  degrees 
east  No  visible  gold  was  observed  in  this  vein,  but  at  one  point  an  assay  of  $6  in 
gold  was  obtained  over  a  width  of  2  feet  ^  inches  of  quartz  and  $4  in  gold  over  a 
width  of  5}  feet  of  the  echist  and  carbonate,  carrying  quartz,  lying  to  the(  north. 
Owing  to  the  highly  altered  character  of  the  schist  by  oxidation,  the  latter  assay  is 
only  indicative  of  the  presence  of  gold  which  may  be  concentrated.  The  quartz  vein 
carries  pyrit3,  copper  pyrites,  pyrrhotite,  and  a  little  zinc  blende.  It  is  possible  that 
this  easterly  vein  is  the  faulted  part  of  the  vein  ex|posed  on  claim  408. 

These  four  claims  were  worked  on  option  during  the  sunmaer  of  1921  by  A.  R. 
Porter,  Toronto,  but  later  the  property  was  taken  over  by  a  group  of  Toronto  men. 
claim  408  appears  to  be  much  the  most  promising  in  the  district  ,and  the  only  one 
where  the  vein  holds  its  values  for  more  than  a  few  feet.  Being  of  the  fissure  type, 
the  values  probably  hold  at  depth.  Considerable  native  gold  was  located  at  the  20-foot 
level. 

The  writer  has  purposely  confined  his  descriptions  to  those  claims  showing  gold, 
:and  has  made  no  mention  of  the  numerous  other  properties  that  have  been  ezpk>ited 
in  the  hope  of  getting  values. 

On  the  way  back  to  Toronto  the  writer  stopped  at  Bruce  Mines,  at  the  request 
of  Daniel  MacDonald  of  that  place,  to  examine  a  gold  prospect  in  the  greywacke 
formation.  The  gold  was  discovered  in  the  bed  of  Thessalon  river  in  the  southwest 
quarter  of  section  9,  Lefroy  township,  Algoma  district,  in  a  loose  boulder  of  greywacke 
of  the  Gowganda  formation.  It  occurs  in  small  quartz  veins  following  the  joint 
planes  in  the  rock.  The  boulder  is  said  to  be  angular  in  outline  and  consequently 
unlikely  to  have  travelled  far,  but  at  the  time  of  the  writer's  visit  was  under  water. 
The  quartz  stringers  were  very  small,  seldom  exceeding  one-half  inch  in  width.  The 
big  fault  which  runs  easterly  through  this  section  of  the  country  is  located  in  the 
bed  of  the  river  at  this  point  and  the  movement  which  produced  it  may  have  shattered 
the  neighbouring  greywacke  formation  for  the  reception  of  these  tiny  veins.  Diabase 
sills  are  in  fairly  close  proximity,  and  these  are  known  to  have  been  the  cause  of  gold- 
bearing  veins,  such  as  occur  at  the  Havilah  mine,  about  10  mliles  north  of  the  locality 
Adhere  this  bouHder  occurs. 
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INTEODUCTION 

For  many  years  iron  ore  has  been  reported  from  yarious  places  on  the  line  of  the 
Algoma  Central  railway,  and  a  considerable  amount  of  prospecting  has  been  done 
frcmi  time  to  time.  Some  of  these  ore  outcrops  have  attract^  attention  lately,  and 
the  writer  was  detailed  by  the  Geological  Survey  to  investigate  and  map  geologically 
an  area  comprising  the  townships  of  Deroche,  Hodgins,  Qaudette,  and  Shields,  to 
determine  the  nature  and  extent  of  any  occiirrences  of  iron  ore  which  might  be  found. 

Two  months  were  spent  in  the  area,  during  which  the  writer  was  assisted  by 
Mr.  Walter  J.  EangsmiU,  and  during  one  month  the  party  was  augmented  by 
F.  Wright  and  Mr.  G.  Bain.  Mr.  G.  S.  Cowie,  secretary  of  the  Mines  Department 
of  the  Algoma  Steel  Corporation,  also  assisted  materially  and  is  deserving  of  many 
thanks. 

GENERAL  CHARACTER  OF  THE  AREA 

The  area  is  situated  on  the  Algoma  Central  railway  about  20  miles  north  of 
Sault  Ste.  Marie,  Ont.  Travel  away  from  the  railway  is  difficult  as  there  are  no 
streams  on  which  a  canoe  can  be  used,  and  only  one  or  two  roads.  A  good  road  runs 
from  the  Sault  to  Bellevue  at  the  southwestern  limit  of  the  area,  and  another  is 
being  built  from  Wabos  to  Glendale  with  the  ultimate  intention  of  connecting  the 
district  with  the  Sault  either  via  Bellevue  or  by  the  old  Garden  River  road,  which 
has  been  abandoned  for  fifteen  or  twenty  years  and  is  at  present  impassable. 

The  coimtry  taken  as  a  whole  is  one  of  comparatively  low  relief,  the  hilltops 
reaching  about  1,500  feet  above  sea-level.  The  difference  of  elevation  between  the 
hilb  and  yalleys  is  400  to  500  feet,  and  the  hillsides  -are  steep,  rendering  any  passage 
through  the  area  difficult.  Nobody  lives  in  the  district  except  along  the  railway  lino 
and  in  a  few  of  the  valleys  closely  adjoining  it  The  area  has  been  burned  in  places 
and  lumbered  over,  so  that  a  large  part  is  covered  with  berry  bushes  and  second 
growth.  There  are  a  few  lakes,  all  too  small  and  disconnected  for  canoe  work,  and 
the  streams  are  mere  rivulets  over  falls,  and  are  dry,  or  almost  dry,  in  summer. 

GENERAL  GEOLOGY 

The  rocks  can  be  classified  under  the  following  divisions: 

Pleistocene , Lake  and  fflaclal  deposits 

Keweenawan Diabase  dylces 

Huronian Lorrain  quartzlte 

{Granite   complex 
Schist  complex  consistfner  of  volcanics  and 
some  associated  sedimentary  materials 
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PRE-HURONIAN  SCHIST  COMPLEX 

The  Pre-Huronian  complex  is  a  v?ry  involved  mixture  of  schists,  including  horn- 
blende schist,  diorite,  diabase,  and  even  more  basic  rocks  invaded  and  metamorphosed 
by  batholithic  masses  of  granite  and  gneiss.  The  schists  underlie  the  southwestern 
part  of  the  area,  and  consist  of  volcanic  flows  and  tuffs,  with  some  interbedded  con- 
glomerate. They  have  been  dislocated  and  metamorphosed  to  such  an  extent  that  a 
detailed  separation  was  not  possible  in  the  time  available.  The  volcanic  element 
of  the  series,  in  some  places  shows  distinct  bedding  and  very  fine  texture  as  if  it  had 
been  laid  down  under  water,  in  others  it  shows  vesicular  structure,  and  yet  in  others 
volcanic  bombs  are  clearly  discernible.  The  strike  and  dip  vary  greatly;  the  strike 
varies  from  north  70  degrees  west  to  north  55  degrees  east  and  the  dip  from  about 
20  degrees  to  almost  vertical;  there  apx)ears  to  be  no  system  in  the  strike  and  dip, 
and  the  rocks  seem  to  lie  anyhow. 

Some  of  the  outcrops  may  be  described  in  greater  detail.  On  the  road  to  the  San 
Antonio  Mine  Company's  house  at  Maple  lake  is  an  agglomerate  consisting  of  aggre- 
gates of  quartz  and  feldspar  crystals,  both  orthoclase  and  plagioclase,  in  a  groundmase 
composed  of  fine-grained  fragments. 

Near  Midge  lake  a  fine-grained  mass  of  uniform  texture  is  composed  for  the  most 
part  of  chlorite.  In  the  hand  specimen  thin  bands  can  be  distinguished  and  these 
also  appear  in  the  thin  section  showing  a  difference  in  composition,  for  whereas  one 
band  is  for  the  most  part  chlorite  another  is  made  up  chiefly  of  quartz  gprains. 

A  short  distance  from  the  outlet  of  Midge  lake  another  type  can  be  seen,  namely 
a  porphyrite  having  large  phenocrysts  of  hornblende  enclosed  in  a  cryptocrystalline 
groundmass,  the  whole  highly  impregnated  with  iron  so  that  the  rock  has  a  bright  red 
appearance. 

The  occasional  interbedded  conglomerates  are  formed  of  a  matrix  of  fine-grained 
material  containing  pebbles,  mostly  of  granite,  ranging  up  to  6  inches  or  8  inches  in 
diameter.  These  beds  are  not  regular  nor  do  they  run  continuously  for  any  great 
distance,  nor  have  they  the  appearance  of  basal  conglomerates.  Outcrops  were  found 
to  the  north  of  the  Algoma  Steel  Cori)oration's  quarry  in  Yankoughnet  township,  on 
the  eaetern  edge  of  Loon  lake,  at  the  junction  of  Dam  cre^  with  Stony  creek,  and  in 
the  eastern  branch  of  Shepherd  creek  near  the  Campbell  Murdoch  claims ;  in  the  two 
last-mentioned  places  the  conglomerate  showed  evidences  of  crushing  and  faulting.  * 
Both  the  volcanics  and  sediments  show  signs  of  contact  metamorphism,  and  are  cut 
by  dykes  of  fine-grained  granite. 

GRANrrE 

Although  there  is  only  one  colour  used  upon  the  map  to  indicate  granite,  there 
are  probably  two  granites  of  different  ages  in  the  district.  The  granite  underlying  the 
whole  southern  part  of  the  area  is  different  from  the  granite  north  of  Goulais  river, 
in  that  it  does  not  contain  inclusions  of  hornblende,  schist,  etc. ;  and  is  of  a  compara- 
tively uniform  composition  over  an  area  comprising  the  southern  part  of  Deroche  and 
the  northern  half  at  any  rate  of  Jarvis.  This  part  of  the  area  has  a  distinctive  physio- 
graphic relief,  for  whereas  the  ridges  formed  of  the  Pre-Huronian  volcanics  and  sedi- 
ments, and  even  those  formed  of  the  Huronian  quartzites,  have  a  well-marked 
northwest-southeast  trend,  the  granite  has  no  such  features,  but  is  composed  of  small 
hummocks  with  intervening  depressions,  in  which  the  water  flows  in  all  directions 
indiscriminately.  Dykes  of  granite  have  been  found  cutting  the  Huronian  sediments. 

A  specimen  of  granite  from  the  north  bank  of  Ooulais  river  is  white  and 
fine-grained ;  in  places  this  rock  has  been  so  much  deformed  as  to  lose  all  the  normal 
characteristics  of  granite.  The  thin  section  shows  mostly  quartz  and  feldspar,  both 
orthoclase  and  plagioclase,  and  an  almost  entire  absence  of  ferromagnesian  minerals 
with  the  exception  of  a  little  mica  and  some  accessory  epidote.  The  grains  are  all 
crushed  and  broken,  the  feldspars  are  deformed,  and  all  the  grains  show  strain  shadows, 
as  if  the  rock  had  been  subjected  to  great  stresses.  On  the  other  hand  two  specimens 
from  just  south  of  the  Goulais  are  composed  of  pink  feldspar  and  much  ferromagnesian 
'neral.    The  thin  section  shows  quartz  orthoclaee,  microcline,  biotite,  leucoxene,  horn- 
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blende,  and  accessory  apatite.  The  rock  is  entirely  unaltered  and  shows  no  signs  of 
fracturing  or  strain  shadows.  It  is  doubtful  if  specimens  with  such  different  char- 
acters both  of  composition  and  structure  represent  the  same  rock.  The  southern 
granite  is  in  part  at  least  younger  than  the  Pre-Huronian  volcanios .  and  sediments 
and  may  even  be  intrusive  into  the  Huronian;  in  other  worde  it  ie  probably  allied 
to  the  Killamey  granite.^ 

HURONIAN 

Near  Bellevue  is  a  small  area  3i  miles  long  and  from  i  to  1  mile  wide,  underlain 
by  Huronian  rocks,  which  Collins  considers  to  be  the  Lorrain  quartzite  of  the  Cobalt 
series.  This  quartzite,  varying  from  fine  to  coarse-grained  beds,  contains  pebbles  up 
to  2  or  3  inches  in  diameter.  These  pebbles  are  for  the  most  part  granite,  but  there  are 
many  of  bright  red  jasper.  The  texture  of  the  rock  varies  from  a  hard  siliceous 
quartzite  to  soft  beds  of  sericitic  sandstone  which  show  very  fine  ripple-marks  and 
evidences  of  shallow  water  or  subaerial  deposition;  from  the  peculiar  appearance  of 
some  of  the  beds  Mr.  Kindle  concludes  that  they  originally  contained  oolitic  grains 
which  have  since  been  leached  away.  The  beds  strike  fairly  uniformly  north  70 
degrees  to  75  degrees  west,  but  the  dip  varies  between  35  degrees  and  75  degrees  north. 
They  lie  unconformably  upon  the  Pre-Huronian  volcanics  and  sediments,  and  are  <5ut 
off,  to  the  south  and  southeast  by  the  granite,  to  the  north  and  northwest  by  the  Pre- 
Huronian.  Near  mile  20  on  the  Algoma  Central  railway  there  is  a  quarry  belonging 
to  Wright  and  Company,  from  which  the  Algoma  Steel  Corporation  get  a  supply  for 
their  furnaces  at  the  Sault.  Approximately  10,000  tons  were  quarried  last  year  and 
the  same  quantity  is  expected  for  this  year.  An  average  sample  analysis  from  several 
carloads  gave:  silica,  96-55  per  cent;  iron,  2-57  per  cent;  alumina,  0-61  per  cent; 
lime,  0-41  per  cent;  but  several  analyses  ran  98  per  cent  silica  or  even  higher.  A 
specimen  from  this  quarry  shows  in  thin  section  a  rock  almost  entirely  composed  of 
silica  grains  1  to  2  millimetres  in  diameter,  very  angular  and  showing  strain  shadows. 
In  the  quartzite  beds  are  several  cracks  filled  with  a  fine-grained  red  detritus  carrying 
angular  fragments  of  breccia.    Veins  of  specular  hematite,  also,  cut  the  quartzite. 

Records  of  diamond  drilling  on  mining  prospects  occupying  lots  6  and  7,  conces- 
sion n,  Deroche  township,  are  as  follows: 

^*  Diamond  Drill  Exploration,  HawJcshaw-Derrer  Property,  near  Northland  Station, 

A,C.R.  Township  of  Deroche 
DriUing  of  Claims  Nos.  S6M  1070,  SSM  103,  Lots  6  and  7 


No.  1 

No.  2 

No.  3 

Jan.  11.1910 

Feb. 8,  1910 

Mar 

11.  1910 

from          to 

from         to 

from 

to 

0  ft.      19  ft. 

Casing 

0  ft.      35  ft. 

Casing 

0   ft 

42i  ft. 

Casing 

19         208 

Quartzite 

35         282i 

Quartzite 

42J 
50 

63 

69 

73 

123 

224 

260 

267i 

274 

330 

402 

50 
63 

69 
73 

123 

224 

260 

267i 

274 

330 

402 

402 

Greywacke 

Quartxite    and    grey- 
wacke 

Slate  and  quartzite 

Quartxite 

Slate 

Slate    and    quartzite 

Banded 

Quartxite  and  slate 

Quartzite 

Quartxite 

Slate    and    quartxite 

Banded  quartxite, 
slate,  and  greywacke 

Mixed 

5  inches  hematite 

• 

402 

410 

?       ?       ? 

410 

470 

Quartzite  and  slate 

Note.    No  ore  shown  on  this  property  by  diamond  drilling." 

iGeol.  Surv..  Can.,  Sum.  Rept.,  1920,  pt  D. 
GeoL  Surv.,  Can.,  Mus.  Bulla.  Noa.  8  and  22. 
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The  names  are  copied  from  the  engineer's  blueprint,  but  no  examination  could  be 
inade  of  the  cores  and  what  has  been  classed  as  greywacke  is  probably  Pre-Huronian 
volcanic  rock. 

DIABASE  DTKE8 

The  whole  area  is  intersected  by  diabase  dykes  in  all  directions.  This  conforms 
very  closely  to  the  description  given  by  Collins  of  the  diabase  dykes  in  Qoudreau  and 
Magpie-Hawk  areas.^  These  dykes  are  of  two  varieties:  (1)  a  quartz  diabase  such  as 
the  large  dyke  running  from  the  quarry  near  Bellevue  to  Loon  lake;  and  (2)  an 
entirely  quartz-free  diabase  which  is  found  cutting  the  granite  in  the  southern  part  of 
the  area.  As  in  the  Goudreau  area,  so  in  the  Deroche  area,  some  of  the  quartz  diabases 
are  very  hard  to  distinguish  from  the  Pre-Huronian  greenstones,  and  are  in  many 
places  sheared  and  faulted.  The  quartz-free  diabase  is  much  fresher  in  appearance  and 
shows  none  of  the  shearing  referred  to  in  the  quarts  diabases. 

i  PLEISTOCENE 

Lying  unconformably  upon  the  Precambian  are  deposits  of  Pleistocene  daya, 
sands,  and  gravels,  which  in  some  cases  have  been  laid  down  in  rivers  and  lake 
bottoms,  but  in  others  are  due  to  morainal  action.  Several  terraces  can  clearly  be 
distinguished:  at  Ed.  Pognant's  house  near  mile  20  there  is  a  considerable  stretch  of 
one  of  these  terraces  (elevation  1,115  feet  by  aneroid  barometer)  to  the  north  of  the 
railway  track,  and  juet  south  of  the  track  is  another  terrace  (1,175  feet,  aneroid).  A 
succession  of  terraces  occur  up  Goulais  river  from  Searchmont  to  the  Falls  at 
elevations  of  8^  and  S55  feet,  each  terrace  being  distinctly  defined.  Near  Wabos 
station  are  two  terraces,  962  and  973  feet  respectively. 

Along  the  banks  of  Goulais  river  near  Bellevue  the  deposits  are  of  clay,  some- 
times attaining  a  thickness  of  60  feet,  and  fine  sand.  Orossbedding  and*  minor 
unconformities  can  be  seen  in  the  cuttings  along  the'  railway.  Towards  the  north, 
however,  a  change  takes  place  and  the  deposits  along  Achigan  creek  are  composed  of 
coarser  sand  carrying  pebbles  and  boulders  intermixed,  showing  the  characteristics  of 
morainal  origin. 

FAULTING  AND  FOLDING 

The  Goulais  valley  is  a  very  striking  physiographic  feature,  rtmning  as  it  does 
for  nearly  12  miles  in  a  straight  line.  North  of  it,  though  not  so  apparent,  owing  to 
its  greater  inaccessibility,  is  a  parallel  valley  along  which  runs  the  east  branch  of 
Shepherd  creek.  At  the  junction  of  Dam  creek  (which  is  simply  the  continuation 
of  the  Goulais)  and  Stony  creek,  the  rocks  show  evidence  of  faulting,  and  the  granites 
near  Searchmont  show  similar  evidence  of  severe  deformation.  The  big  diabase  dyke 
which  runs  parallel  to  the  Goulais  just  south  of  the  railway  is  possibly  associated  with 
this  movement.  Loon  lake,  also,  occupies  a  fault  zone,  granite  occurring  on  the  east 
side  and  steeply  tilted  volcanics  on  the  west.  The  trend  of  this  zone  is  northwest- 
southeast. 

There  are,  probably,  at  least  two  systems  of  faulting:  an  east- west  system  which 
controls  the  valley  of  Goulais  river,  and  a  northwest-southeast  system  which  seems  to 
be  more  recent  than  the  east-west,  as  the  diabase  dyke  parallel  to  the  Goulais  is  cut 
off  at  Loon  lake  and  deformed  and  all  the  east-west  vein©  on  Mr.  Mason's  prospect 
are  cut  by  the  northwest-southeast  veins  which  are  continuous. 

1  Geol.  Surv.,  Can.,  Sum.  Kept.,  1918,  pt.  El 
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ECONOMIC  GEOLOGY 

IRON   ORES 

The  occurrences  of  iron  ore  in  Deroche  and  adjoining  townships  differ  con- 
siderably from  the  deposits  of  ore  known  as  iron  formation.  Those  in  Deroche  town- 
ship consist  for  the  most  part  of  hematite  and  specularite  associated  with  quartz 
veins  which  cut  the  Pre-Huronian  volcanics.  Those  in  Shields  have  much  more  the 
appearance  of  chemical  precipitates. 

Two  properties  have  been  developed  to  a  point  at  which  they  can  be  designated  as 
mines,  but  neither  is  now  in  operation.  The  Breitung  mine  was  opened  up  twenty- 
two  years  ago,  and  ore  was  shipped  to  Northland  on  a  switch-line  built  from  the 
Algoma  Central  railway.  The  Breitung  Iron  Mining  Company,  Marquette,  Mich., 
now  owns  the  property.  The  ore-body  lies  in  the  side  of  a  steep  hill  about  300  feet 
high,  half-way  down  the  west  side  of  Loon  lake.  Two  adits  were  driven  into  the  hill, 
one  about  80  feet  above  the  lake,  the  other  about  75  feet  still  higher.  An  open  pit, 
a  shaft,  and  a  few  shallow  workings  may  be  seen  about  200  feet  above  the  lake.  The 
wreckage  of  a  small  steam  winding  plant  lies  at  the  foot  of  the  hill. 

The  rock  at  the  mine  is  a  elate-coloured,  finely  bedded'  greywacke,  sharply  folded 
and  evidently  of  pre-Huronian  age.  The  ore-body  occupies  a  zone  which  has  been 
fractured  and  shattered  into  a  breccia  and  afterwards  recemented  with  quartz  and 
specular  hematite.  In  most  places  there  does  not  seem  to  be  more  than  10  or  16 
per  cent  of  metallic  iron  present,  but  locally  where  brecciation  was  most  intense  the 
iron  oxide  has  either  penetrated  in  larger  amount,  or  has  chemically  replaced  part  of 
the  greywacke,  yielding  a  low-grade  ore  carrying  possibly  30  or  40  per  cent  of  iron. 
Apparently  it  was  these  rich  spots  that  induced  mining  operations.  The  better-look- 
ing material  is  limited  at  the  shaft  to  a  width  of  about  30  feet,  but  leaner  minerali- 
zation occurs  almost  to  the  foot  of  the  hill.  The  general  trend  of  the  mineralized  belt 
appears  to  be  nearly  parallel  to  the  length  of  the  lake. 

The  Williams  mine  is  situated  at  the  corner  of  the  four  townships  Deroche, 
Hodgins,  Jarvis,  and  Anderson,  about  1}  miles  east  of  the  southern  end  of  Loon  lake. 
The  property  was  first  located  twenty  years  ago  and  in  1903  a  shaft  was  simk.  This 
shaft  is  212  feet  deep  to  the  sump,  from  the  bottom  of  which  diamond  drill  holes  were 
put  down  300  feet  farther,  some  vertical  and  some  at  45  degrees.  The  levels  were 
run  at  100  and  200  feet.  Thie  property  wa©  worked  for  about  two  years  and  about  600 
tons  of  ore  were  shipped  on  sleighs  to  Northland.  The  shaft  cannot  now  be  examined 
owing  to  water,  but  the  ore-body  is  supposed  to  be  similar  in  general  character  to  the 
Breitung    deposit 

A  short  distance  north  of  the  Williams  mine  on  the  eastern  side  of  Loon  lake, 
near  Midge  lake,  a  prospect  was  opened  up  in  the  spring  of  1921,  by  Mr.  E.  P.  Maeon, 
who  has  done  some  stripping  over  an  area  500  feet  by  300  feet  and  has  exposed  the 
rock  surface  very  well.  The  rock  is  a  mixture  of  granite  and  Keewatin  diabase,  and 
the  ore  occurs  in  conjunction  with  quartz  veins  in  a  manner  similar  to  the  occurrences 
at  the  Williams  and  Breitung  mines.  There  are  two  distinct  sets  of  veins,  a  north- 
west-southeast set,  and  an  east- west  set;  of  these  the  northwest-southeast  set  ie  the 
more  recent  as  all  the  veins  are  continuous  at  the  junctions,  whereas  the  veins  in  the 
east-west  set  are  cut  off  or  show  signs  of  displacement  A  drill  hole  has  recently  been 
put  down  at  an  angle  of  40  degrees  to  a  depth  of  610  feet.  It  discloses  almost  the 
same  rock  conditions  as  at  the  surface:  an  alternation  of  Keewatin  greenstone  and 
bands  of  intrusive  granite,  with  here  and  there  quartz  veins  carrying  an  insignificant 
amount  of  specular  hematite. 

The  occurrences  of  ore  in  all  these  places  are  very  much  alike  and  appear  to  be 
impregnations  (with  some  replacement)  in  the  sheared  rocks  of  fault  zone.  It  is  very 
doubtful  if  any  body  of  ore  large  enough  for  commercial  development  will  ever  bo 
found  in  thas  vicinity. 
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The  Campbell  claims  in  the  northern  part  of  lots  6  and  7,  concession  VI,  of 
Deroche,  and  the  adjoining  portion  of  the  township  of  Shields  were  also. visited.  The 
ore  here  contains  magnetite,  but  the  dip  needle  showed  very  little  attraction. 

These  claims  were  visited  in  1910  by  Mr.  Sjostedt  who  says :  "  The  iron  occurs 
in  a  contact  between  the  Laurentian  and  Huronian  formatiojis.  The  rocks  on  the 
west  side  are  granite,  gneiss,  syenite,  etc.,  while  those  on  the  east  side  are  Huronian 
schists.  The  walls  where  visible  are  well  defined."  He  also  gives  the  iron  content 
of  the  ores  as  varying  from  38-83  per  cent  to  58.93  per  cent. 

In  1914,  Jchn  A.  Dresser  visited  the  claims  and  wrote  :^  "  The  rocks  seen  upon  the 
property,  with  the  exception  of  certain  dykes,  likely  all  belong  to  the  Keewatin  series, 
hornblende  schist,  hornblende  gneiss,  and  diorite  may  be  distinguished,  but  exposures 
of  finer^ained  greenstones  predominate.  "  Outcrops  of  a  coarse-grained  basic  syenite 
dyke  (locally  called  granite)  were  seen  along  the  western  side  of  the  "beaver  meadow 
near  the  camp.  At  various  places  on  the  property  are  to  be  seen  outcrops  of  nagnetite- 
bearing  bands.  These  appear  too  siliceous  to  form  a  merchantable  ore  and  may  be 
better  described  as  banded!  iron  formation.  The  formation  is  sufficiently  different 
in  character  from  what  is  described  as  *  banded  iron-formation '  in  other  localities  to 
require  special  description.  Here  neither  the  bands  of  ore  nor  the  siliceous  bands 
have  clear-cut  boundaries.  Both  lie  in  narrow,  parallel  streaks,  the  magnetite  appar- 
ently blending  gradually  into  siliceous  material.  The  banding  is  made  apparent  chiefly 
by  the  bands  of  nearly  white  silica,  and  occasionally  by  bands  of  reddish  garnet  On 
surface  exposures  the  banding  is  much  more  conspicuous  than  on  fresh  surfaces,  as  the 
magnetite  has  weathered  faster  than  the  siliceous  and  gametiferous  bands  and  so  is 
low  in  relief  compared  with  them.  On  the  series  of  exposures  stretching  northwest- 
ward from  the  beaver  meadow  the  strike  of  the  iron  formation  seems  pretty  uniform 
and  is  about  north  30  degrees  west;  the  dip  is  about  vertical.  On  the  other  series  to 
the  northeast  along  the  trail  from  Waibos  the  strike  varies  from  northeast  and  south- 
east to  east  and  west;  the  dip  is  vertical.  At  some  of  these  later  exposures  intrusive 
granite  dykes  are  exposed,  which  evidently  have  disturbed  in  some  degree  at  least 
the  previous  position  of  the  iron  formation." 

A  consideration  of  the  whole  area  only  confirms  the  doubt  that  economic  deposits 
of  iron  ore  will  be  found  in  any  of  these  four  townships. 

LEAD  ore:  victoru  and  cascade  mixes 

These  mines  are  outside  the  area  under  consideration,  in  lots  4  and  5,  concession 
III,  Jarvis  township,  which  adjoins  Deroche  on  the  south.  The  mines  are  supposedly 
lead  mines,  but  are  at  present  shut  down  for  lack  of  ore.  They  were  opened  about 
fifteen  years  ago  and,  a'bout  1910,  a  new  set  of  machinery  was  installed  at  the  Victoria 
mine.  Both  mines  are  situated  on  Driving  creek,  the  Victoria  one-half  to  three- 
quarters  of  a  mile  below  the  Cascade.  At  the  latter  there  are,  apparently,  two  small 
veins  of  calcite  carrying  a  little  galena;  at  the  former  there  certainly  does  not  seem, 
from  superficial  evidence,  to  be  sufficient  ore  to  warrant  the  construction  of  a  mill. 

The  object  of  the  visit  to  these  mines  was  to  ascertain  if  Huronian  rocks  were  in 
this  vicinity.  From  Loon  lake  to  the  mines  the  only  rocks  seen  were  granite  and 
dia(base,  the  granite  being  pink  and  in  every  way  resembling  that  near  Northland.  A 
large  mass  of  coarse-grained  diabase,  as  well  ae  various  fine-grained  dykee,  was  found 
near  the  mines  themselves. 

A  trip  northwards  from  Garden  River  as  far  as  the  mines  showed  that  Huronian 
rocks  are  to  'be  found  to  within  a  short  distance  south  of  them.  R.  O.  McConnell, 
whose  courtesy  the  writer  greatly  appreciated,  is  investigating  this  area  for  the 
Ontario  Bureau  of  Mines. 

copper  ore:  superior  mine 

This  mine  lies  on  the  northern  boundary  of  the  township  of  Gaudette.  After  a 
shaft  had  been  sunk  about  400  feet  operations  were  suspended  and  the  shaft  was 
allowed  to  fill  with  water.    During  the  summer  of  1921  the  shaft  was  pumped  out 

1  Information  suppUed  through  the  courtesy  of  the  Algoma  Steel  Corporation. 
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and  the  mine  was  prepared  for  examination  with  a  yiew  to  purchase.  There  was 
originally  a  spur  line  from  mile  39i  on  the  Algoma  Central  railway,  but  this  has 
fallen  into  disuse  and  the  rails  have  been  carried  away.  The  old  bed,  however,  can 
be  used  as  a  wagon  road.  The  railway  track  traverses  for  the  most  part  rocks  of  the 
Pre-Huronian  complex  comprising  dark  gabbro-like  rocka  with  inclusions  of  horn- 
blende schist,  mixed  with  granite,  and  the  whole  cut  by  i)egmatite  dykes.  In  the 
immediate  vicinity  of  the  mine  there  is  a  mass  of  greenstone  and  about  500  yards 
along  the  track  is  a  diabase  dyke  about  200  feet  wide.  The  ore,  which  is  a  mixture 
of  pyrite  and  chalcopyrite,  occurs  associated  with  quartz  stringers  in  a  breociated 
zone  in  the  greenstones.  No  evidences  of  any  large  mass  of  ore  were  found  in  the 
vicinity. 

BRICK  CLAYS 

Outcrops  of  stratified  clay  are  abundant  along  the  banks  of  Qoulais  river  south 
and  west  of  iSearchmont.  The  most  extensive  and  important  outcrops  are  about  one 
mile  west  of  Glendale  where  the  clay  outcrops  for  over  1,000  feet  along  the  river.  The 
average  exposed  thickness  is  about  20  feet,  but  in  one  place  it  is  50  feet  thick.  In  no 
case  was  ihe  base  of  these  clays  seen.  They  are  overlain  by  unstratified,  or  very 
poorly  stratified,  gravel  and  sand,  probably  river-worked  glacial  materials. 

These  clays  are  light  grey,  fine-grained,  and  highly  calcareous.  They  are  very 
finely  laminated,  due  to  alternation  of  layers  of  clay  and  sandy  clay,  and  originated, 
proba'bly,  in  an  arm  of  lake  Algonquin,  a  predecessor  of  lake  Superior,  which  must 
have  extended  up  the  Gbulais  valley  beyond  Searchmont. 

Two  small  samples  from  these  deposits  were  submitted  to  the  ceramic  laboratory 
of  the  Mines  Branch,  with  the  following  results. 

"  When  gauged  with  water  they  develop  very  poor  working  properties,  being  very 
weak  and  flabby.  When  passed  through  a  tile  die,  the  test  pieces  deform  from  their 
own  weight.    Both  clays  will  stand  rapid  drying. 

The  following  are  the  burning  tests  of  the  wet-moulded  bricklets: 


Sample 

Cone 

Fire 
shrinkage 

Absorption 

Colour 

6F 

06 
3 

% 

'      5 

softens 

% 
20 

Dirty  buff 

7F 

06 
3 

51 

softens 

10 

Dirty  buff 

6  F    Algoma  Central  Railway  mileage  32|,  near  Searchmont. 

7  F    Goulais  river,  one  mile  west  of  Glendale. 

They  are  both  low-grade  clays  useful  only  for  making  conunon  stiff  mud-bricks." 
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WANAPITEI  LAKE  MAP-AREA 

By  T.  T.  QuirJce 
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INTRODUCTION 

During  the  season  of  1921,  work  was  carried  on  in  the  region  of  lake  Wanapitei 
for  two  primary  ohjects;  the  mapping  and  classification  of  the  Precamhrian  sediments, 
and  the  investigation  of  the  ore  deposits.  The  lake  leyel  has  lately  been  raised,  arti- 
ficially, 16  feet,  with  the  result  that  some  islands  have  become  peninsulas,  and  others 
have  entirely  di8api>eared;  and  the  main  shoreline  itself  has  been  locally  affected, 
especially  in  the  northeast  part  of  the  lake,  where  what  was  once  a  headland  is  now 
an  island  half  a  mile  from  the  shore.  A  resurvey  of  the  lake  was  consequently 
included  in  the  season's  work. 

The  writer  was  assisted  by  R.  0.  Enmions  and  W.  L.  Swanson,  both  of  whom 
rendered  intelligent  and  loyal  service. 

The  main  results  of  the  season's  work  are:  a  corrected  geographical  and  geological 
map;  additional  knowledge  in  regard  to  the  ore  deposits;  and  the  elimination  of  the 
type  occurrence  of  Wanapitei  quartsite  from  the  Sudburian  series  and  its  recognition 
as  part  of  the  Mississagi  formation  of  the  Bruce  series. 

GENERAL  CHARACTER  OF  THE  AREA 

Wanapitei  Lake  area  includes  Rathbun,  Aylmer,  Mackelcan,  and  parts  of  Parkin, 
Norman,  Capreol,  Maclennan,  Scadding,  Fraleck,  Telfer,  and  McConnell  townships 
and  the  old  Indian  reserve.  The  area  covers  only  about  40  square  miles,  but  is  in 
a  strategic  position,  lying,  as  it  does,  between  the  area  of  Map  179  A,  Onaping  sheets 
issued  in  1917,  by  W.  H.  Collins,  and  the  area  of  Map  124  A,  Wanapitei  sheet,  issued 
in  1914,  also  by  Collins.  It  includes  part  of  the  area  shown  on  Map  125,  Sudbury 
sheet,  issued  in  1891,  by  R.  Bell,  and  the  northeast  comer  of  the  area  represented 
on  Professor  Coleman's  geological  map  of  the  Sudbury  nickel  region  issued  in  1905, 
by  the  Ontario  Bureau  of  Mines. 

The  work  done  in  this  area  thus  connects  the  areal  mapping  of  Coleman  and 
Collins,  and  helps  to  bridge  the  gap  between  the  detailed  mapping  of  the  Sudbury 
region  and  the  detailed  mapping  of  the  Cobalt  area  which  have  been  carried  on  by 
officers  of  the  Ontario  Bureau  of  Mines.  It  falls  happily  into  the  group  of  type  areas 
by  means  of  which  Collins^  worked  out  thoroughly  the  original  Huronian  area, 
showing  that  the  subdivision  of  the  sediments  of  Huronian  age  into  the  Bruce  and 
Cobalt  series  holds  good  not  only  from  Echo  lake  to  Sudbury,  but  eastward  beyond 
Wanapitei  lake.  Historically,  it  connects  some  of  the  latest  work  on  the  Precamhrian 
sediments  of  Canada  with  some  of  the  earliest,  especially  that  of  Alexander  Murray 
in  1856. 

iCollin%  W.  H..  Geol.  Surv..  Can.,  Mnm,  Bull.  No.  8.  1914. 
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I  The  area  is  easily  accessible,  being  on  the  line  of  the  Canadian  National  rail- 

Eway,  between  Capreol  and  North  Bay.    The  station  of  Mass^  JBay  within  the  area 
>  and  11  miles  from  Capreol,  is  only  a  few  hundred  feet  from  the  top  of  Bowland  bay 
on  lake  Wanapitei.    The  area  is  also  easily  entered  from  Crerar  station,  about  H 
miles  from  the  southern  end  of  Ashganing  lake.    The  various  canoe  routes  and  trails 
are  shown  on  the  accompanying  geological  map  (No.  1948). 

There  is  a  fairly  good  automobile  road  from  Sudbury  to  Massey  Bay.  Motor 
boats  and  canoes  can  be  hired  either  at  Mass^  Bay  or  at  the  old  Crystal  mine  between 
Bowland  lake  and  Matagamishing  lake. 

A  considerable  amount  of  timber  is  still  being  driven  down  Wanapitei  river 
and  the  lumbering  tote  roads  are  kept  in  good  condition.  So  far  as  these  roads  and 
the  water  routes  are  concerned  the  area  is  fairly  accessible,  but  off  the  roads  travel 
is  rendered  difficult  by  the  second  growth  which  conceals  wind  falls  and  partly  burned 
6tiuni>8  and  tree  tnmks,  a  result  of  the  frequent  fires  that  have  laid  waste  the  forests,^ 
e^>ecially  Scadding  township  where  the  most  difficult  geology  seems  to  lie. 

Physiographically  the  area  is  a  particularly  interesting  example  of  highlands 

resulting  from  the  erosion  of  synclines  of  the  Huronian  series  of  rocks,  so  that  the 

highest  hills  are  composed  of  the  youngest  formation,  the  peculiarly  resistant  Lorrain 

quartzite.    These  hills  run  parallel  to  the  courses  of  Mountain  creek  and  the  upper 

Wanapitei  river,  coinciding  for  about  7  miles  with  a  narrow  tongue  of  quartzite  which 

is  bounded  on  the  east  and  west  by  a  less  resistant  slaty  formation.    In  the  southwest 

lies  the  most  easterly  rim  of  the  Sudbury  basin,  the  highest  edge  of  which  is  formed 

by  the  resistant  Trout  Lake  conglomerate. 

/  Bedrock  is  well  exposed  to  the  north  and  east  of  lake  Wanapitei  except  in  the 

^    lar<^  >and-plains  aroimd  the  mouths  of  Post  creek.  Mountain  creek,  and  upper  Wana- 

f^  .  iver,  and  along  the  valley  of  Wanapitei  river  and  its  east  branch    In  the  south 

an<    southwestern  part  of  the  area,  the  rocks  are  covered  extensively  by  stratified  sand 

and  gravel  which  lie  considerably  above  the  present  level  of  lake  Wanapitei,  and  in 

the  area  southwest  of  Massey  Bay  station,  show  evidence  of  having  been  deposited 

at  three  different  stages,  about  50  feet  apart  in  elevation.     The  top  plain  is  a  step 

above  the  middle  one,  which  in  turn  seems  to  form  an  escarpment  above  the  lowest 

The  level  stretch  of  the  highest  plain  is  a  very  marked  topographical  feature.     A 

thick  glacial  deposit  extends  across  the  area  to  the  south  of  lake  Wanapitei,  but 

outside  that  zone  the  area  shows  abrasion  and  but  little  deposition  due  to  glacial 

invasion. 


GENERAL  GEOLOGY 

EARLIER   WORK 

The  earliest  report  upon  the  geology  about  lake  Wanapitei  is  found  in  the 
descriptions  of  Alexander  Murray,^  who  in  1856  mapped  certain  water  routes  including 
Wanapitei  river  and  lake  and  the  large  lakes  between  lake  Wanapitei  and  Sturgeon 
river.  Murray's  section  of  the  Huronian  rocks  found  in  the  area  follows  in  ascending 
order. 

1.  Fine-grained,  green,  siliceous  slates,  with  the  bands  ef  green  quartsite  Interatratifled ; 

also  fine-grained  slates,  sometimes  of  a  green  tinge,  and  often  bluish  or  hiack, 
weathering  very  black;  occasionally  some  layers  assume  a  reddish  colour;  copper 
pyrites  and  iron  pyrites  are  frequently  present  in  this  division. 

2.  Slate  conglomerate,  the  matrix  always  greenish  in  colour;  sometimes  it  has  a  regular 

slaty  structure,  at  other  times  it  resembles  a  massive,  fine-grained  greenstone 
trap;  it  holds  pebbles  of  white  and  red  syenite  in  great  profusion,  with  occasional 
masses  of  green,  brown,  and  red  jasper,  rounded  in  form;  associated  with  the 
conglomerate,  and  probably  not  far  from  the  division  No.  1  are  green  slates  in  very 
regular  lamins,  cleaving  with  the  bedding,  and  usually  cut  by  parallel  joints. 

1  Bell,  Robert,  OeoL  Surv.,  Can.,  Ann.  Rept,  vol.  IV,  1889-90,  pt  F,  pp.  7^. 

3  Hurray,  Alexander,  Oeol.  Surv.,  Can.,  Rept.  of  Prog.,  1858-9,  pp.  171-179. 
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3.  A  band  of  llmeirtone ;  lt«  strata  always  appear  very  much  disturbed,  and  it  la  in  general 

associated  with  greenstone.  Tlie  prevaUlnfl^  colour  of  the  limestone  when  found 
in  mass  is  a  pale  whitish-grey,  sometimes  passing  into  dark  blue;  the  band  Is 
frequently  brecciated.  and  often  displays  rough  jagged  edges,  which  appear  to 
belong  to  layers  of  homstone;  parts  of  the  band  are  indurated  calcareous  slialei, 
and  these  occasionally  contain  flne-grained  siliceous  pebbles. 

4.  Slate  conglomerate  resembling  the  slate  conglomerate  on  the  other  side  of  the  lime- 

stone. 

5.  Green  siliceous  chknriUc  slates,  with  some  tolerably  stronc  bands  of  quartsite. 

6.  White  and  very  pale,  sea-green,  close-grained  quartsite,  with  l>eds  of  quarts  conglom- 

erate interposed,  and  layers  of  talco-quartxose  slate,  sometimes  of  a  dark  green 
colour,  but  more  frequently  a  pale  flesh-red.  The  pebbles  of  the  conglomerate  are 
chiefly  small,  white,  opaque,  rounded  masses  of  quartz,  but  these  are  occasionally 
mixed  with  rounded  masses  of  red  and  green  Jasper. 

It  is  plain  that  NO0.  2  and  4  are  descriptions  of  the  Gowganda  formation.  No.  1 
may  be  a  composite  description  of  the  Serpent  formation  and  certain  phases  of  the 
Gowganxla  formation,  the  reddish-oaloured  slaty  rocks  being  rather  common  in  tiie 
Gowganda  formation  of  this  area.  No.  3  is  an  excellent  description  of  the  Bruce 
limestone.  No.  5  refers  to  the  transition  phase  from  Gowganda  formation  into 
Lorrain  quartzite,  and  No.  6  is  immistakably  of  the  Lorrain  quartzite.  Apparently 
Murray  did  not  recognize  the  place  and  identity  of  the  Mississagi  quartzite,  nor 
how  to  tell  apart  the  <}owganda  and  Bruce  conglomerates.^  He  reported  syenites 
intruding  contorted  slates  on  the  north  shore  of  lake  Wanapitei,  but  the  lodcs  are 
actually  Keewatin  vodcanic  schists  intruded  by  granite.  He  noted  further  liiat 
"the  whole  of  the  west  and  south  shore  of  the  lake  displays  the  effects  of  a  very 
high  degree  of  disturbance,  and  slates,  conglomerate,  quartzite  and  greenstone,  with 
brecciated  limestone,  comie  in  strangely  irregular  juztax>osition."  In  spite  of  this 
irregularity  (which  Murray  did  not  exaggerate)  and  the  omission  of  the  Miasiseagi 
formation,  his  section  as  surprisingly  correct,  especially  when  the  briefness  of  his 
examination  is  considered. 

Robert  BelP  in  1921  issued  a  report  on  Sudbury  mining  district;  in  which 
he  included  a  general  description  of  the  rocks  exposed  along  the  shores  of  lake 
Wanapitei  and  the  water  routes  between  Portage  bay  and  Sturgeon  river.  An 
appendix  contains  certain  notes  by  Professor  H.  G.  Williams  on  the  microeoopical 
character  of  rocks. 

Professor  A.  P.  Coleman'  has  supplied  most  of  the  detailed  information  about 
Sudbury  district.  To  him  are  due  the  description  and  definition  *of  the  Sudbury 
series,  the  classification  of  the  depoeits  later  known  as  the  Whitewater  series,  and 
treatise  on  the  Sudbury  norite-micropegmatite  sill  and  the  nickel-copper  ore  deposits. 
He  classified  the  formations  of  the  Sudbury  series  as  follows: 

Feet 

Wanapitei   quartsite 20,000 

McKim  gresrwacke 7,000 

Copper  ClifC  arkose 2,000 

Of  chief  interest  in  the  present  connexion  is  the  Wanapitei  quartzite,  to  which 
X!/oleman  assigns  a  thickness  of  20,000  feet,  which  he  says  becomes  distinctly  meta- 
morphic  near  the  intrusion  of  granite  and  extends  eastward  to  near  Wanapitei  river 
south  of  Wanapitei  lake. 

iCf.  Jour,  of  Geol.,  vol.  XXIX  (1921).  pp.  470-472. 

zBell.  Robert,  Geol.  Surv.,  Can..  Ann.  Rept.,  vol.  V,  1889-90,  pt  P.  pp.   14-17. 

s  Coleman,  A.  P..  Ont.  Bur.  of  Mines,  Ann.  Rept.,  pp.  285-808.  1908. 

Ont.   Bur.   of   Mines.   Ann.    Rept.,   pt.    1.   pp.    192-224,    1904. 

"The  Nickel  Industry/'  Dept.  of  Mines.  Can..   Mines  Branch,  Bull.  170, 

pp.   8-11,    1918. 
"The  Precambrian  Rocks  North  of  Lake  Huron,  with  Special  Reference 

to  the  Sudbury  series."  Ont.  Bur.  of  Mines.  Ann.  Rept.,  vol.  XXIII, 

pt  1.  pp.  204,  286,  1914. 
"The  Sudbury  Series  and  Its  Bearing  on  Precambrian  Classtflcation.** 

Congr^  jBeol.   Inter.,  XII   Session,   1914.     Compte-Rendus.  pp.   337- 

898. 
Problems  of  American  Geology,  pp.  81-161,  1915,  etc. 
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C.  R.  Van  Hise  and  C.  K.  Leith^  maintained  that  inasmuch  as  the  conglomerates, 
Rreywackes,  and  quartzites  of  the  Sudbury  region  contain  limestones  in  tho 
Wanapitei  area,  immediately  east  of  Sudbury,  they  are  equivalent  to  the  lower 
division  of  the  original  Huronian  district  proper.  This  contention  has  been  verified 
in  part. 

W.  H.  Collins^  in  1912  studied  in  detail  an  area  south  of  lake  Wanapitei,  and 
examined  less  extensively  other  places  about  the  lake.  He  reported  that  the  Sudbury 
series  includes  a  white,  hard,  fetldspathic  quartsitte,  thousands  of  feet  thick,  intruded 
by  granite,  and  that  the  Cobalt  series  of  the  Huronian  division  is  unconformable 
upon  the  Sudburian  and  younger  than  the  granite.  The  Cobalt  series  itf  reported  to 
consist  of  basal  conglomerate,  srreywacke,  and  limestone  10-1*5  feet  thick,  which 
grades  into  greywacke  and  finally  into  quartzite. 

STRATIGRAPHY 

The  Precambrian  of  the  Wanapitei  Lake  area  is  represented  by  a  rather  wide 
range  of  rocks.  On  the  southwestern  side  of  the  lake,  between  Blueberry  island 
and  Bowland  bay,  numerous  outcrops  of  Keewatin  schists  the  oldest  rocks  in  the 
area — are  intruded  by  Precambrian  granites,  and  overlain  unconformably  by  the 
Bruce  and  Cobalt  sediments  of  the  Huronian.  The  Bruce  series  is  represented  by 
the  Mississagi  quartzite,  Bruce  conglomerate,  and  the  Espanola  and  Serpent  forma- 
tions; the  Cobalt  series  by  the  Gowganda  formation  and  Lorrain  quartzite.  This  is 
— although  not  recognized  in  earlier  reports — almost  the  complete  succession  of 
sediments  in  the  classical  Huronian  area  near  Sault  Ste.  Marie.  In  the  south- 
western corner  there  is  well  exposed  for  about  8  miles  the  northeastern  lower  contact 
of  the  Sudbury  norite.  The  upper  contact  of  the  norite,  poorly  exposed  for  several 
miles,  lies,  with  the  Trout  Lake  conglomerate,  underneath  the  Onaping  tuflf,  both 
of  the  Whitewater  series.  Here,  as  elsewhere  in  Sudbury  district,  the  relation  of  the 
Whitewater  series  to  the  Huronian  rodcs  is  unknown. 


1  Van  Hise,  C.  R.,  and  Leith.  C.  K.,  "  Precambrian  Oeoloery  of  North  America/'  Bull.  SCO. 
p.  439,  1907. 

s Collins,  W.  H..  Geol.  Surv.,  Can.,  Sum.  Rept.,  pp.  189-195.  1913.     "Geology  of  a  Portion  of 
Sudbury  Map-area,  South  of  Wanapitei  Lake,  Ont." 
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Table  of  Formations 


Quaternary. 


Sand,  gravels,  local  lake  claya,  morainal  deposits  and  glacio- 
flaviatile  derivatives. 


Great  unconformity 


Keweenawan? 

Granite  intrusions  of  post^Bruoe  and  possibly  of  this  age. 
Sudbury  mioropegmatite-norite  sill. 
Diabase  and  norite  intrusions. 

Whitewater  series 

Chelmsford  sandstone  (not  represented). 
Onwatin  slate  (not  represented) 
Onapingtttff       4.0007  feet 
Trout  Lake  conglomerate       500  feet 
Relations  unknown--8tratigraphio  hiatus. 

Cobalt  series 

Lorrain  quartsite       5,0007  feet 

Huronian 

Erosional  and  minor  structural  unconformity. 

Bruce  series 

Serpent  quartsite         800  feet  (partly  eroded) 

Espanola  formation 
Greywacke              400  feet 
Limestone                 20(^-600  feet 
^Bruoe  conglomerate        8007  feet 

Mississagi  quartsite 
and  basal  conglo- 
merate                            i.0007  feet 

Oreat  ynconformity 

Pr^Huroniaa 

Batholithio  intms-   Granite 

ives 
Schist  complex          V<^oanic  schists,  and  jaspilyte,  "banded  iron  formation ." 

(Keewatin) 

PRE-HUBOKIAN  SCHIST  OOMPLBX   (KEEWATIN) 

In  Wanapitei  Lake  area  the  Keewatin  echists  are  well-banded,  and  are  apparently 
largely  of  fine  yolcanic  tuff.  Some  of  these  schists  may  be  composed  in  part  of  sedi- 
mentary material,  not  necessarily  of  direct  igneous  origin.  On  the  west  side  of 
ICassey  bay  a  green  greywacke  or  tuff,  with  no  perceptible  bedding,  weathers  with  a 
pale  chipped  surface.  Farther  north  along  the  shore  a  very  well-bedded  tuff  which 
because  of  its  bedding  looks  Hke  a  sedimentary  greywacke,  shows  on  close  examination 
its  ashy  composition.  This  formation  is  cut  in  many  places  by  smoky  quartz  veins. 
In  the  extreme  southeastern  corner  of  the  area  and  in  the  neighbourhood  of  Crerar 
station,  just  beyond  the  area  to  the  east,  the  stratiform  character  of  these  pre- 
Huronian  rocks  is  n^rkedly  displayed.  Just  north  of  the  old  Indian  reserve,  the 
schists  are  less  schistified  and  resemble  metamorphosed  lavas.  They  include  thin 
formations  of  a  banded  material  within  which  are  banded  siliceous  ferruginous  phases, 
the  so-called  jaspilyte'  or  iron  formation,  common  to  the  Keewatin  schists  of  nearly 
every  district  north  of  lake  Huron.  Miller  h€Ls  described  this  occurrence  of  iron  for- 
mation,' and  nothing  need  be  added  here,  except  that  many  claims  for  iron  have  been 
staked  in  Rathbim  township,  The  most  promising  are  located  in  lot  24,  concession  VI, 
but  the  writer  saw  nothing  likely  to  be  of  value. 

1  Includes  those  formations  previously  mapped  as  Sudbury  series  on  Map  124A. 

I  Includes  the  Ramsay  Lake  conglomerate  of  Falconbridge  township  as  mapped  by  A.  P. 

Coleman. 

2  Van  Hise,  Bayley,  ©nd  .Smith,  U.S.  Geol.  Mono.  No.  XXIII,  p.  862. 
•  Miller.  W.  G.,  Ont  Bureau  of  Mines,  1901,  p.  177. 
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PBI-HUBONIAN  OftANITB 


The  granite  intruding  the  Keewatin  schists  occurs  along  the  west  shore  and  about 
the  islands  near  the  west  side  of  lake  Wanapitei.  It  is  of  alaskite  type,  of  fine,  granu- 
lar texture,  generally  free  of  pegmatitic  varieties  or  other  evidence  of  magmatic 
differentiation.  Professor  G.  H.  Williame*  described  some  specimens  from  this 
locality  as  including  orthoclase  phenocrysts  in  a  groundmass  of  oligoclase,  quartz, 
and  biotite,  and  subordinate  amounts  of  magnetite,  pyrite,  allanite  (?),  and  alteration 
products  of  these  minerals. 

BRUCE  SEBIES 

Mississagi  Formation 

The  contact  between  the  base  of  the  Huronian  series  and  the  underlying  schists 
and  granite  is  exposed  in  very  few  places,  but  opposite  the  diabase  point  in  Bowland 
bay  may  be  seen  the  unconformable  contact  between  a  basal  conglomerate  and  an 
underlying  body  of  schists  which  contains  an  intrusion  of  acid  rock.  The  contact 
follows  close  to  the  shore  for  nearly  3  miles,  but  the  relations  are  obscured  by  intru- 
sions of  diabase,  and  by  high  water.  This  conglomerate  may  well  be  part  of  the  basic 
conglomerate  of  the  Miseissagi  formation.  The  contact  continues  north  to  the  schists 
near  the  Indian  reserve,  but  poor  exposures  make  it  difficult  to  analyse.  There  is  in 
some  places  a  conglomerate  close  to  the  schists,  but  it  is  doubtful  whether  it  is  actu- 
ally unconformable  upon  them;  it  may  be  a  faulted  contact,  though  this  possibility 
seems  unlikely.  In  the  extreme  southeastern  corner  of  the  map-area  a  dark 
conglomerate  is  exposed  between  the  schist  at  Crerar  and  quartzite  on  the  north. 
Among  these  localities  there  is  certainly  no  question  about  the  character  of  the  con- 
tact on  Bowland  bay,  nor  is  the  relation  in  other  places  seriously  in  doubt.  In 
general  it  may  be  said  that  the  base  of  the  Huronian  is  a  dark-coloured  quartzitic 
congh>merate. 

Above  the  conglomerate,  which  is  less  than  50  feet  thick,  is  a  thick  quartzite 
member  which  is  most  probably  from  3,000  to  5,000  feet  thick.  The  quartzite,  very 
well  exposed  on  the  east  side  of  Bowknd  bay,  runs  with  diabase  interruptions  to 
Southeast  bey  by  way  of  Howie  and  Oak  islands  both  of  which  give  excellent  expo- 
sures, and  continuea  to  the  north  of  the  Indian  reserve,  composing  most  of  the  pen- 
insula and  the  islands  between  Bowland  bay  and  Outlet  bay.  It  outcrops  again  fr<Mn 
Outlet  bay  to  Southeast  bay,  and  upon  Aehganing  lake,  and  thence  passes  to  the 
southeast  beyond  the  borders  of  the  area. 

Inasmuch  as  the  conglomerate  member  and  the  quartzite  are  together  correlated 
in  this  report  with  the  Mississagi  formation  as  described  by  Collins,^  whereas  Oole- 
man'  called  this  quartzite  the  Wanapetei  quartzite  and  placed  it  in  the  pre-Huronian, 
Sudbury  series,  it  is  deemed  advisable  to  describe  in  detail  some  of  the  exposures  of 
these  rocks. 

On  the  west  side  of  Maasey  bay,  lot  Vill,  concession  IV,  syenitic  rock  intrudes 
greenstone  schists  containing  many  smoky  quartz  veins,  and  both  are  overlain 
unconformably  by  a  basal  conglomerate,  here  correlated  with  the  Mississagi  forma- 
tion. The  syenite  is  greatly  kaolinized,  apparently  by  prolonged  weathering.  This 
weathering  must  have  been  previous  to  glacial  times  at  least,  because  other  glaciated 
feldspathic  rock  surfaces  are  not  appreciably  kaolinized,  and  apparently  it  repre- 
sents the  work  of  the  elements  previous  to  deposition  of  the  basal  conglomerate. 
The  schist  is  much  chloritized  so  that  its  ^  original  character  is  indistinguishable. 
The  overlying  conglomerate  contains  relatively  few  elongated  pieces  of  schist  and 
relatively  many  rounded  pebbles  and  boulders  of  dark  chert  or  smoky  quartz.  The 
basal  layer  of  conglomerate  is  about  ^  feet  thick,  and  is  overlain  by  6  feet  of  coarse 

1  Williams,  G.  H.,  Geol.   Surv..  Can..  Ann.  Rept..  vol.  V.  app.  I.   1889-90.  p.   59  P. 

sConins,  W.  H..  Geol.  Surv..  Can.,  Mus.  Bull.  No.  8,  1914; 

s  Coleman.  A.  P..  Ont.  Bureau  of  Mines.  Ann.  Kept.,  vol.  XXIll.  pt.  1,  1914,  pp.  213-214. 


Digitized  by 


Google 


40d 

arkose,  followed  by  7  feet  of  conglomerate  containing  many  smoky  quarts  pebbles 
and  cobbles  and  a  few  bouldere  of  granite  up  to  8  inches  in  diameter.  Further  exjK)- 
suree  are  covered  by  the  high  water  of  the  lake. 

On  the  shores  of  the  peninsula  between  Maesey  bay  and  Outlet  bay,  the  Missis- 
sagi  quartzite  strikes  in  general  about  north  10  degrees  east  and  dips  about  12 
degrees  south,  although  there  are  minor  rolls  where  the  dip  is  reversed.  The  rode 
is  croesbedded  in  places,  but  in  general  well-bedded  every  2  or  3  feet.  It  weathers 
a  pale  greenish  yellow,  but  on  fresh  surfaces  it  is  pink.  It  is  an  arkose,  with  many 
clear  quartz  grains,  some  being  one-tenth  inch  in  diameter.  In  places  there  are 
small  inclusions  of  mudstone,  in  others  streaks  of  fine-grained,  siliceoiis  greywacke. 
In  general  it  is  a  fairly  coarse,  croesbedded  arkose  containing  rounded  quartz  grains 
and  kaoJinized  feldspars,  together  with  certain  streaks  2  inches  thick  of  conglomerate 
carrying  pebbles  up  to  2  inches  in  diameter,  of  quartz  and  granite. 

At  the  north  end  of  Howie  island  the  quartzite  is  decidedly  reddish:  at  the  south 
end  it  is  pinkish,  but  between  the  pink  below  and  the  red  above  the  quartzite  is  pale 
greenish  yellow.  Near  the  no»th  end  of  Oak  island  is  a  greywacke  phase  showing 
ripple-marks,  some  mud-cracks,  well-marked  dark  bedding,  greywacke  streaks,  also 
small  lenses  of  sand  in  the  dark  greywacke. 

Just  west  of  the  mouth  of  Mountain  creek  the  Mississagi  quartzite  is  well  bedded, 
varying  from  fine-grained,  pale  weathering  arkose  to  greenish,  sandy  rock  character- 
istic of  the  Mississagi  formation.  Quartz  and  feldspar  sand  alternate  in  places  causing 
a  characteristic  appearance  of  lining  on  weathered  surfaces,  but  the  formation  con- 
tains an  unusual  amount  of  recurrent  conglomerate  bands  with  highly  siliceous  matrix, 
carrying  chiefly  quartz  pebbles  up  to  3  inches  in  diameter.  The  beds  are  slightly 
overturned,  as  is  shown  by  the  position  of  the  overlying  Bruce  conglomerate  and 
by  the  position  and  shape  of  the  crossbedding  lines.  At  a  distance  of  15  chains  from 
the  point  opposite  the  neighbouring  island  is  a  fault  line  bearing  south  15  degrees 
west,  which  brings  the  limestone  formation  next  to  the  base  of  the  Mississagi  forma- 
tion. 

On  the  south  side  of  the  outlet  of  Ashganing  lake  is  an  outcrop  of  quartzite, 
which  is  correlated  with  the  Mississagi  formation,  being  highly  vitreous  and  granular 
in  texture,  dark  grey  on  fresh  faces,  with  many  reddish  streaks  and  stains,  cut  by 
many  quartz  veinings.  It  has  the  general  appearance  of  being  near  a  younger 
granitic  intrusive  rock,  although  no  such  granite  outcrops  nearby.  However,  quartzite 
correlated  with  this  formation  is  intruded  by  granite  in  the  map-area  immediately 
south  of  Wanapitei  Lake  area  (Map  130). 

Bruce  Conglomeraie 

Overlying  the  Mississagi  quartzite,  as  in  the  Huronian  area,  is  a  massive  con- 
glomerate, which  must  be  the  Bruce,  which  in  this  area  is  apparently  more  than 
1,000  feet  thick.  It  differs  in  no  important  way  from  the  Bruce  conglomerate  along 
the  north  shore  of  lake  Huron,  where  it  is  dark  green,  very  siliceous  in  certain  of 
its  phases,  rather  remarkably  consistent  in  character,  and  contains  i)ebbles  and  a  few 
boulders  of  granite  and  greenstone  with  still  fewer  pebbles  of  quartz  and  metamorphic 
rocks.  No  boulders  of  clearly  sedimentary  origin  were  discovered  in  the  Bruce  con- 
glomerate, though  more  careful  search  might  discover  some. 

Other  parts  of  the  North  Shore  region,  notably  Espanola,  contain  the  Bruce 
conglomerate  distinctly  stratified  and  including  layers  of  quartzite  and  i>arts  with- 
out any  visible  stratification.  This  is  not  true  apparently  of  the  Bruce  conglomerate 
in  the  Lake  Wanapitei  area,^  for  it  shows  no  bedding.  Certain  minor  features  are 
persistent,  such  as  the  peculiar  pale  bluff  colour  of  the  bare,  weathered  faces  of  the 
rock  and  the  peculiar  way  in  which,  under  deformation,  the  matrix  of  the  conglomerate 

1  Cf.  CoUlna,  W.  H..  (Jeol.  Surv.,  Can.,  Sum.  Rept.,  1913.  p.  193.  The  Cobalt  conglomerate 
here  referred  to  by  Collins  is  really  the  Bruce. 
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piilb  away  from  the  pebbles  in  the  direction  of  the  greatest  elongation  of  the  rocks, 
thereby  leaving  a  cavity  which  in  some  cases  is  filled  with  pyrite,  in  other  cases  with 
calcite,  or  in  a  few  cases  is  empty.  The  siliceous  character  of  the  matrix,  which 
contains  many  small  fragments  of  quartz,  is  another  distinction  noted  in  other 
areas.  This  discovery  of  the  Bruce  conglomerate  extends  its  known  distribution  from 
Sault  Ste.  Marie  not  only  to  Sudbury  district,  but  beyond  it  in  an  easterly  direction. 

Near  the  railway  bridge  across  Wanapitei  river,  in  a  railway  cut,  is  a  very 
siliceous  conglomerate  with  greywacke  matrix  carrying  angular  as  well  as  rounded 
pebbles  and  boulders  of  granite,  schist,  quartz,  and  apparently,  quartzite.  Where 
weathered,  the  surface  is  rough  with  acme  pebbles  weathered  out  of  t^he  matrix  i(the 
matrix  of  the  Oowganda  conglomerates  is  commonly  more  readily  weathered  than 
the  included  pebbles).  The  matrix  resembles  that  of  the  Bruce  conglomerate  in 
Espanola  area,  in  that  the  competent  xhyolfte  pebbles  are  loosened  from  their  sur- 
roundings by  deformation  of  the  incompetent  matrix,  and  the  matrix  is  characterized 
by  so-called  grits,  or  little  quartz  grains  of  pin-head  size,  but  not  by  the  small  rock 
particles  that  characterize  the  matrix  of  the  Cobalt  conglomerate. 

About  half-a-mile  west  of  Mountain  creek  is  clear  evidence  of  the  intermediate 
position  of  the  Bruce  conglomerate  with  respect  to  the  underlying  Mississagi  quartzite 
and  the  Bruce  limestone  above.  The  diagnostic  characteristics  of  the  formation 
may,  almost  all,  be  seen,  and  a  peculiar,  pale  salmon  colour  on  weathered  surfaces 
that,  so  far  as  the  writer  knows,  appears  in  no  other  conglomerates  of  the  Pre- 
cambrian  series. 

Along  Wanapitei  river,  about  2  miles  below  the  outlet  of  the  lake,  the  conglomerate 
is  metamorphosed  into  a  spotted  schist,  much  as  it  is  in  the  Espanola  area,  and  about 
the  southeastern  part  of  lake  Penage.  Another  good  exposure  of  the  (Bruce) 
conglomerate,  showing  its  transition  into  the  overlying  limestone,  may  be  seen  on 
the  east  side  of  the  rapids  of  Wanapitei  river  beside  Portage  island.  Similarly  its 
relations  to  the  Mississagi  formation  below  and  the  limestone  above  may  be  seen 
clearly  at  the  southwest  side  of  the  large  point  in  Ashganing  lake. 

The  relations  of  the  Bruce  conglomerate  in  Wanapitei  Lake  area  are  different 
from  those  in  the  Geneva  area,  northwest  of  Sudbury,^  where  the  Bruce  conglomerate 
is  lacking,  and  the  Mississagi  formation  grades  directly  without  unconformity  into 
the  Espanola  formation.  Apparently  in  spite  of  its  great  east-west  distribution,  the 
(Bruce)  conglomerate  was  not  as  widely  distributed  as  either  the  formation  above  it 
or  the  one  below  it,  but  at  lake  Wanapitei  it  is  well  and  characteristically  developed 
and  exposed  in  many  places. 

Espanola  Formation 

The  Espanola  formation  in  Lake  Wanapitei  area  consists  of  limestone  and  grey- 
wacke, or  indurated  silt,  lying  upon  the  Bruce  conglomerate  with  a  very  thin  transi- 
tion member.  The  limestone  member,  corresponding  to  the  Bruce  limestone  of  the 
original  Huronian  area,  must  be  at  least  200  feet  thick  on  Portage  island,  the  first 
large  island  below  the  dam  on  Wanapitei  river,^  but  seems  to  be  not  more  than 
100  feet  thick  in  other  disconnected,  small  exposures.  On  Portage  island,  the 
Espanola  formation  includes,  above  the  limestone,  several  hundred  feet  of  thin-bedded, 
slaty  argiUite  and  greywacke  which  corresxwnd  exactly  in  character  and  position  witli 
the  Espanola  greywacke  of  the  Espanola  area.  It  even  contains  ripple-marks  and  mud- 
cracks  and  fine,  interbedded  layers  of  quartzite  and  greywacke,  which  could  not  be 
distinguished  from  specimens  taken  from  Espanola  area.  However,  the  exposure  of 
greywacke  above  the  limestone  is  confined  in  this  area  to  the  small  strip  between  the 
Canadian  Northern  railway  and  Wanapitei  river  near  Portage  island.' 

1  Geol.  Surv.,  Can.,  Sum.  Rept.,  1920.  pt.  D. 
2Cf.  Murray,  Alexander,  op.  cit.»  p.  296. 

Bell,   Robert,   op.    clt..   p.    14   F. 

Collins.  W.   H.,  Geol.   Surv.,  Can..   Sum.  Rept.  1913.  p.   193. 
8  Collins,  W.  H.,  Geol.  Surv.,  Can.,  Sum.  Rept.,  1913.  p.  193. 
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The  limestone  occurrences  are  of  greater  importance  in  correlating  these  sedi- 
ments with  the  formations  of  the  original  Huronian  area,  as  was  clearly  recognized 
by  Van  Hise  and  Leith,  and  especial  value  attaches  to  the  discovery  on  the  northwest 
shore  of  lake  Wanapitei.  Owing  to  this  discovery  the  Bruce  age  of  the  associated 
rocks  was  recognized,  and  the  distribution  of  the  series  thereby  greatly  extended  in  a 
direction  not  before  suspected.  A  fault  about  half-a-mile  west  of  Casselman's  camp 
on  Mountain  creek  cuts  off  good  exposure  of  vertical  limestone  from  the  Gowganda 
conglomerate  on  the  east,  and  apparently  conformably  upon  Bruce  conglomerate  to  the 
west.  The  limestone  is  faulted  against  the  Mississagi  quartzite  near  the  lake  shore 
about  a  half  mile  farther  south  (See  page  40).  At  this  place  the  faulted  zone  con- 
tains a  jumble  of  conglomerate,  quartzite,  greywacke,  limestone,  and  diabase.  Much  of 
the  limestone  appears  to  have  recrystallized  and  formed  veinlets  and  masses  of  white 
calcite. 

Along  Wanapitei  river  below  the  outlet  of  the  lake  numerous  exposures  of  lime- 
stone bear  out  the  common  characteristics  of  the  limestone  elsewhere  along  the  north 
shore  of  lake  Huron.  The  rock  weathers  buff  to  red,  and  develops  a  rough-lined  sur- 
face due  to  the  unequal  weathering  of  the  interbedded  calcareous  and  greywacke 
streaks.  On  fresh  surfaces  it  is  blue  grey,  in  metamorphosed  phases  being  marble  and 
elsewhere  highly  siliceous,  calcareous  greywacke.  The  rapids  at  Portage  island  follow 
the  strike  of  the  limestone  which  is  about  200  feet  thick,  exceptionally  well-exposed 
and  very  little  crumk>led,  relatively  Q>eaking,  although  in  a  vertical  position.  The 
gradation  through  about  2  feet,  from  Bruce  conglomerate  through  greywacke  into  the 
limestone,  can  be  seen;  and  beyond  the  limestone  comes  typical  £si>anola  greywacke 
grading  through  the  usual  type  of  greywacke  quartzite  into  a  dark  coloured,  but  light- 
weathering  quartzite,  which  is  the  Serpent.  This  Espanola  formation  has  mud-cracks, 
ripple-marks,  and  intraformational  conglomerates  made  up  of  the  dried  mud  shdls 
that  formed  during  emergence,  and  were  covered  again  by  rising  water.  Thus  the 
relations  of  the  limestone  to  the  formations  both  above  and  below  are  clearly  grada- 
tional.  This  highly  critical,  conformable  succession  of  conglomerate,  limestone,  gr^- 
wacke,  and  quartzite  has  not  previously  been  reported  as  the  Bruce  series  from  any 
area  east  of  Sudbury. 

Serpent  Formation 

The  Serpent  formation  has  been  recognized  only  in  the  small  area  parallel  to 
Wanapitei  river,  stretching  on  both  sides  of  the  Canadian  Northern  railway  for  about 
a  mile  eastward  from  the  station  of  Spaidal,  and  in  a  very  small  area  in  lot  2,  conces- 
sion I,  Aylmer  township.  In  most  places  along  the  north  shore  of  lake  Huron  the 
Serpent  formation  is  arkosic  quartzite.  A  great  thickness  is  reported  from  some 
localities,  especially  the  area  about  the  western  end  of  lake  Penage.  The  formation 
is  characterized  by  an  unusual  development  of  conglomerate  and  grit  in  the  Geneva 
map-area.  It  is  impossible  to  tell  how  thick  the  Serpent  formation  originally  was  in 
Lake  Wanapitei  area  because  the  top  is  nowhere  recognized,  and  its  relations  to  the 
surrounding  rocks  are  obscured  by  drift  in  the  south  and  by  faults  in  the  north.  The 
formation  is  a  dark  quartzitic  greywacke,  characterized  by  streaks  of  ripple-marked 
and  mud-cracked  greywacke  within  beds  of  pale  green  quartzitic  arkose.  It  is 
evidently  conformable  above  the  Espanola  greywacke  formation  €uid  seems  to  correspond 
pretty  closely  in  character  to  the  lower  part  of  the  Serpent  formation  in  the  original 
Huronian  area. 

COBALT  SERIES 

Oowganda  Formation 

Collins,^  in  his  report  on  the  Onaping  area,  classified  all  of  the  local  sediments 
of  Huronian  age,  older  than  the  Lorrain  quartzite,  under  the  name  Gowganda  forma- 
tion and  mapped^  the  limestone  and  all  the  conglomerates  as  part  of  the  Gowganda 
_^ ' 

1  Collins.  W.  H..  Geol.  Surv..  Can.,  Mem.  95,  1917. 

«  Map  124 A,  Wanapitei,  Sudbury  district,  Gteol.  Surv.  Can. 
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formation.  Subsequently,  howeyer,  work  carried  on  bj  Collins^  in  the  Precambrian 
of  the  original  Huronian  area  led  him  to  suspect  that  some  of  the  rocks  mapped  ou 
Map  124A  are  in  part,  if  not  altogether,  of  the  Bruce  series,  as  indeed  this  season's 
work  has  made  certain.  The  map  (Ko.  1948)  accompanying  this  report  restricts 
the  Oowganda  formation  to  those  phases  of  the  Cobalt  deposits  which  lie  below  the 
easily  recognized,  charactepstic  Lorrain  quartzite  and  which  are  unconformable  upon 
the  Bruce  series;  and  shows  the  GK>wganda  formation  is  well  developed. 

The  (Oowganda,  which  is  generally  referred  to  as  the  '^  Cobalt  conglomerate," 
is  the  formation  to  which  Coleman^  first  ascribed  a  glacial,  and  for  which  W.  L. 
Whitehead'  has  recently  suggested  a  fluvial,  origin.  Whitehead's  conclusion  has 
been  vigourously  criticized  by  Coleman^  who  points  out,  among  other  things,  that  the 
well-known  bedding  referred  to  by  Whitehead  is  due  probably  to  standing  waters  and 
not  to  rivers.  Whitehead  seems  to  have  ignored  most  of  the  many  previous  discussions 
of  the  subject  that  preceded  his  own,  which  was  based  apparently  on  one  season's  work 
in  the  Cobalt  district,  an  area  of  about  6  square  miles.  Other  workers  have  published 
the  results  of  observations  made  during  many  seasons  over  areas  aggregating  ^ousands 
of  square  miles.  Nevertheless,  Whitehead's  paper  is  useful  because  it  emphasizes 
once^  again  that  not  all  but  only  parts  of  the  (Oowganda  formation  appear  to  be  of 
glacial  origin.  There  are  himdreds  of  feet  in  the  formation  where  it  is  useless  to 
look  for  a  clear  suggestion  of  glacial  origin,  and  if  Whitehead's  paper  was  based  on 
such  parts  of  this  formation,  he  would  find  little  to  support  the  contention  that  the 
formation  is  of  anything  but  deposition  from  running  water,  being  well  sorted, 
including  alternating  bands  of  arkose,  slate-like  rock,  and  gravelly  lenses,  which 
may  well  have  been  deposited  partly  in  running  and  partly  in  standing  water.  It  is 
probably  no  exaggeration  to  say  that  the  greater  part  of  the  GK>wganda  formation 
provides  no  evidence  of  a  glacial  origin,  as  will  be  clear  from  a  study  of  detailed 
sections*  of  the  formation.  On  the  other  hand,  certain  members  of  very  finely  lamin- 
ated argillite  or  greywacke  carry  scattered  pebbles  and  small  rounded  cobbles  which 
must  have  been  deposited  by  some  agency  other  than  that  which  deposited  the  matrix. 
The  natural  assumption  is  that  this  other  agency  was  floating  ice.  Again,  there  are 
other  bands,  within  the  Gowganda  formation,  composed  of  unsorted  bouldery  con- 
glomerate. These  bands  are  associated  with  the  beds  of  finely  laminated  greywacke 
which  carry  pebbles,  and  within  such  bouldery  layers  are  striated  and  deangulated 
rook  masses  which  in  every  way  appear  to  be  of  the  same  character  as  those  produced 
by  recent  glaciation.  Thus  a  general  study  of  the  whole  (Gowganda  formation  gives 
an  impression  different  from  that  gathered  from  most  reports,  and  a  good  deal  more 
inclusive  than  that  given  by  Mr.  Whitehead. 

The  Wanapitei  area  sheds  little  new  light  on  the  intricacies  of  the  Gowganda 
formation,  and  descriptions  from  certain  localities  will  serve  as  types  of  its  different 
phases.  A  section  across  the  nearly  vertical  Gowganda  beds  on  both  sides  of  Moim- 
tain  creek  reads  as  follows,  starting  about  one-half  mile  west  of  Casselman's  camp 
on  the  creek  and  going  diagonally  across  the  formation  northeastward,  from  near  the 
base  of  the  formation  upwards: 

1.  Haasive,  bouldery  conglomerate  eontainins  boulders  up  to  14  inche*  In  diameter,  the 

matrix  beinsr  slaty  near  the  base,   becoming  siliceous  higher  up. 

2.  Siliceous  greywacke,  bedded  like  quartzite  but  containing  pebble  streaks. 

S.  Massive  greywacke  with  very  irregularly  shaped  granite  ];>ebble8  and  cobbles  8  inches 
in  diameter. 

1  Personal  communication.  

« Coleman.  A.  P.,  Rept.  Ont.  Bureau  of  Mines,  vol.  XTV,  1905.  pt.  3.  p.  129. 

t  Whitehead.  W.  L..  Econ.  Oeol..  vol.  XV.  1920.  p.  IDS. 

« Coleman.  A.  P.,  Econ.  Geol..  vol.  XV.  1920.  pp.  639-641. 

ft  Wilson.  M.  R.  "The  Cobalt  Series:  Its  Character  and  Origin."  Jour.  Geol..  vol.  XXI, 
1913.  pp.   121-141.     See  particularly  pp.   133-134  and  140. 

Collins,  W.    H..   Geol.    Surv.,   Can.,   Mem.   96,   1917.   pp.   80-84. 

Quirke,  T.  T.,  Geol.  Surv..  Can..  Mem.  102,  1917,  pp.  43-49;  Sum.  Rept.,  1920.  p.  12  D. 

*For  detailed  sections  aee 

Collins.  W.  H..  GeoL  Surv..  Can..  Mus.  Bull.  No.  8,  1914 

Quirke,  T.  T.,  Geol.  Surv.,  Can.,  Sum.  Rept.,  1920,  pp.  14  D-16  D. 
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4.  Siliceous.  TnassiTe  grejrwacke,  and  banded  greywacke  with  scattered  pebbles. 

5.  Gradation  into  massive,  siliceous  greywacke. 

6.  Banded  greywacke  with  streaks  of  quartsite  up  to  one  inch  wide. 

7.  Massive   pebbly   conglomerate   with   matrix   of  dark   green   argillite,    carrying   granite 

pebbles  and  boulders  up  to  10  inches  in  diameter  scattered  irregularly  and  sparsely. 
The  pebbles  become  small,  few,  and  irregular  in  shape  higher  up  the  formation, 
the  matrix  weathering  with  a  peculiar,  chipped-out  surface  like  a  ripple-marked 
outcrop  characteristic  of  certain  phases  of  the  Qowganda^  formation. 

8.  Gradation  into  a  finely  laminated  slate-like  rock  free  of  quarUitic  material  or  pebbles, 

nearly  vertical  in  position,  over  200  feet  wide  across  the  strike. 

9.  Gradation  into  more  massive  greywacke  carrying  pebbles  scattered  irregularly  throu^^ 

it,  being  less  than  half  the  Gowganda  formation. 

Again,  at  "Camp  3"  in  the  northeastern  part  of  the  area  is  a  typical  section 
of  the  Oowganda  formation  lying  just  below  the  transition  phase  into  the  Lorrain 
qnartzite.  It  is  a  coarse  bouldery  conglomerate  with  a  massive  greywacke  matrix 
containing  many  inclusions  of  alaskitic  granite  and  schist  The  inclusions  are  of 
irregrular  shapes  scattered  2  or  3  feet  apart  and  about  8  to  10  inches  in  diameter — one 
noted  was  3  feet  by  2  feet  The  matrix  is  green  and  argillite-like,  containing  many 
small  chips  and  unrounded  fragments  of  granite.  This  is  considered  to  be  typical 
tillite  of  the  Gowganda  formation. 

A  very  well-bedded  phase  of  the  upper  part  of  the  formation  is  exposed  along 
the  shore  of  East  bay,  lake  Wanapitei,  and  in  the  narrows  that  separate  the  west  arm 
from  the  remainder  of  Kukagami  lake.  It  is  made  up  of  definite,  resistant  beds  of 
quartzitic  greywacke,  from  3  to  6  feet  thick,  separated  by  streaks  of  greywacke  with 
or  without  pebbles.  Many  of  these  greywacke  beds  weather  into  the  appearance  of 
red  slate,  which  is  probably  the  rock  referred  to  by  Murray  in  his  formation  No.  1 
(See  page  35).  This  phase  is  overlain  by  massive  conglomerate,  which  may  be  seen 
plainly  at  the  south  end  of  Matagamisi  lake,  along  MacLaren  creek,  on  the  southern 
shores  of  Kukagami  lake,  and  near  "Camp  3,"  as  noted  above.  The  well-bedded  phase 
recurs  near  the  top  of  the  formation,  being  especially  prominent  where  the  strike  of  the 
rock  bears  nearly  parallel  to  the  upper  course  of  the  East  branch,  giving  rise  to  a 
succession  of  cliff-fronted  hogbacks  facing  westward. 

The  Gowganda  formation  of  Lake  Wanapitei  area,  therefore,  consists  in  general 
from  the  base  upward  of  the  following  phases : 

1.  A  roughly  stratified  basal  conglomerate  member. 

2.  A  very  well-bedded,  thinly  laminated  argillite,  which  grades  upward  into  well-bedded, 
quartsitic  and  red  slaty  greywacke  and  pebbly  conglomerate. 

3.  By  the  addition  of  boulders  and  cobbles  and  by  the  loss  of  definite  bedding,  this  becomes 

a  massive  greywacke,  bouldery  conglomerate. 

4.  A  repetition  of  the  quartsitic  and  greywacke  well-bedded  phase,  which  grades  flnaUy 

into  the  Lorrain  quartzite. 

Lorrain  Quartzite 

Immediately  above  the  Gowganda  formation,  after  a  gradation  of  several  scores 
of  feet,  the  dark  greywacke  of  the  Gowganda  formation  gives  place  to  a  singularly 
pure,  pale  green  quartzite,  which  outcrops  in  tongues  in  the  northern  part  of  the  area, 
one  stretching  from  the  southeast  comer  of  Fraleck  township  to  the  mouth  of  upper 
Wanapitei  river,  and  the  other  extending  from  a  point  about  one-half  mile  east  of  the 
East  branch,  westward  almost  to  the  northeast  corner  of  the  area  and  southeastward 
to  the  northern  division  of  lake  Kukagami.  This  quartzite  constitutes  the  range  of 
high  hills — clearly  visible  from  Massey  Bay — to  the  north  of  lake  Wanapitei.  The 
northern  tongue  being  a  sharply  folded  syncline  is  now  a  precipitous  hill;  the  north- 
eastern tongue  is  a  much  more  gently-folded  syncline  not  nearly  so  lofty  nor  so 
rugged  as  the  northwestern,  which  is  bounded  on  nearly  every  side  by  precipitous 
breaks  that  make  it  very  simple  to  map.  The  lines  of  contact  together  with  the 
direction  of  strike,  in  general,  are  persistent  over  considerable  distances,  whereas 
in  the  northeastern  tongue  unequal  erosion  of  the  surface  has  resulted  in  an  irregular 
line  of  contact  all  the  more  pronounced  on  account  of  the  relatively  low  dip  of  the 
formation.     The  quartzite  is  characterized  by  streaks  of  small  quartz  and  jasper 


1  Geol.   Surv.,  Can.,  Sum.  Rept.,  1920,  p.   14   D. 
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pebbles  which  seem  to  recur  throughout  the  whole  formation  everywhere  from  the 
neighbourhood  of  Sault  Ste.  Marie  to  the  Cobalt  district,  where  it  was  first  called 
Lorrain  arkose.^  Inasmuch  as  it  is  the  youngest  known  formation  of  the  Huronian 
series,  it  is  found  solely  in  the  syncHnes  where  it  is  commonly  metamorphosed  into 
a  green  mica  schist  of  aged  appearance. 

Collins^  reports  the  lack  of  jasper  pebbles  in  the  Wanflpitei  area,  but  they  were 
found  this  season  although  they  are  scarcer  than  in  most  Lorrain  localities.  He 
reports  the  presence  of  an  overlying  cherty  quartzite  which  was  not  recognized  by 
the  members  of  this  i)arty. 

Nature  of  the  Bruce-Cohalt  Contact 

Nowhere  in  Wanapitei  Lake  area,  except  possibly  on  lake  Ashganing,  was  a 
good  exposure  of  the  contact  at  the  base  of  the  Cobalt  series  with  the  underlying 
rocks  discovered.  In  the  northwestern  part  of  the  area  the  Cobalt  series  rocks  are 
separated  from  the  Bruce  formations  by  a  zone  of  faulting  and  diabase  intrusions, 
and  between  lakes  Wanapitei  and  Ashganing  the  contact  continues.  However,  on 
the  east  side  of  the  great  peninsula  of  lake  Ashganing  there  is  an  erosional  uncon- 
formity which  is  certainly  beneath  most  if  not  all  of  the  Gowganda  formation,  and 
apparently  above  what  is  either  a  quartzitic  streak  in  the  Bruce  conglomerate  or 
the  Mississagi  quartzite.  Upon  the  peninsula  west  of  this  contact  there  are  two 
synclines  containing  the  Espanola  limestone,  on  both  sides  of  which  the  Bruce 
conglomerate  is  repeated,  but  there  is  neither  Serpent  quartzite,  nor  any  but  a  very 
little  of  the  Espanola  greywacke  preserved  above  the  limestone.  Apparently  the  Bruce 
series  was  folded  into  a  small  synclinorium  at  this  place  during  the  pre-Cobalt  period 
of  erosion  and  previous  to  the  deposition  of  the  Gowganda  formation.  The  uncon- 
formable character  of  the  contact  is  indicated  by  the  existence  of  a  considerable  thick- 
ness of  the  Serpent  formation  between  Wanapitei  river  and  Spaidal  station,  whereas 
the  Serpent  formation  was  found  nowhere  else  under  the  Cobalt  series  except  for  a 
few  hundred  square  feet  west  of  Casselman's  camp,  as  before  noted.  In  these  latter 
places  the  Serpent  formation  must  have  been  eroded  before  the  deposition  of  the 
Gowganda  formation. 

There  are  certain  other  indications  that  there  may  have  been  folding  movements 
between  Bruce  and  Cobalt  times.  For  instance,  there  seems  to  be  a  marked  contrast 
in  the  degree  of  folding  of  the  formations  of  the  two  series  in  the  southeastern  part 
of  the  area;  the  Cobalt  formations  dip  generally  less  than  45  degrees,  whereas  the 
Bruce  formations  are  nearly  vertical.  However,  in  the  northwestern  part  of  the 
area  there  is  not  such  an  obvious  contrast  in  this  respect.  This  is,  perhaps,  due  to 
the  fact  that  the  locus  of  post-Huronian  mountain-building  lay  towards  the  south- 
west' Certain  it  is  that  the  Cobalt  series  is  more  nearly  flat-lying  in  the  north- 
eastern part  of  the  area  than  farther  south  and  west. 

Along  the  north  shore  of  lake  Huron  there  is  a  profound  erosional  unconformity 
between  these  two  series  of  the  Huronian  division.*  Previous  to  the  deposition  of  the 
Cobalt  formation  thousands  of  feet  of  the  Bruce  series  were  eroded  over  large  areas 
west  of  Sudbury,  leaving  a  region  having  considerable  relief,  possibly  a  deeply  dissected 
plateau  area.  This  appears  to  have  been  induced  by  epirogenic  movements  and  not 
by  orogenic  disturbances,  for  no  discordance  in  excess  of  10  degrees  has  been  noted 
between  the  Cobalt  series  and  the  Bruce  series  west  of  Sudbury.  It  is  well  known, 
however,  that  most  periods  of  earth  movement  have  included  simultaneously  epirogenic 
movements  of  large  areas  and  erogenic  uplift  of  relatively  small  areas.    Is  this  not 

1  Miller,  W.  G..  Fourteenth  Ann.  Rept..  Ont,  Bureau  of  Mines,  pt  II.  1905. 
'Collins.  ^.  H..  Oeol.  Surv..  Can..  Mus.  Bull.  No.  8.  1914.  p.  22. 
sOeol.  Surv..  Can..  Mus.  Bull..  No.  22. 

♦  CoUins.  W.  H.,  Oeol.  Surv..  Can..  Mus.  Bull.  No.  8.  p.  25.  1914. 
Quirke.  T.  T.,  Jour.  Oeol..  vol.  XXIX.  1921.  pp.  470-471. 
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likely  to  have  been  the  case  at  the  end  of  the  Bruce  epoch  and  may  not  the  locus 
of  the  more  intense  earth  movements  include  Wanapitei  area?  This  view  is  perhaps 
supported  by  the  fact  that  the  sedimentary  formations  south  of  lake  Wanapitei  are 
intruded  by  granite.^  These  sediments  were  at  first  taken  to  be  pre-Huronian  or 
Sudburian  in  age,  but  it  is  now  certain  that  they  are  of  Bruce  age.^  Nothing  further 
was  learned  last  summer  regarding  the  age  of  these  post-Bruce  acid  intrusions. 
Although  the  Cobalt  formations  of  the  area  are  not  intruded  by  granite,  it  was  not 
ascertained  that  they  overlie  the  acid  intrusives  unconf ormably ;  consequently  the 
evidence  is  in  no  way  conclusive.  In  the  Killamey*  area  the  intrusions  are  ^own 
to  penetrate  the  Cobalt  series,  and  in  the  Qeneva^  area  syenitic  granite  appears  to 
penetrate  Cobalt  as  well  as  Bruce  formations. 

In  general  we  do  not  know  that  there  was  a  period  of  mountain-building  accom- 
panied by  igneous  intrusion  after  the  deposition  of  the  Bruce  series,  followed  or 
accompanied  by  a  long  period  of  erosion,  previous  to  the  deposition  of  the  Cobalt 
Series,  and  the  writer  feels  impelled  to  state  this  as  a  working  hypothesis  which  has 
developed  as  one  of  the  results  of  this  season's  work.  In  any  case  it  is  certain  Hiat  a 
period  of  uplift  and  long  erosion  intervened  between  the  deposition  of  the  youngest 
known  formation  of  the  Bruce  series  and  the  accumulation  of  the  Cobalt  deposits. 

WHrrSWATER  8BRIB8 

The  formations  of  the  Whitewater  series  lie  in  the  extreme  southwest  comer 
of  the  area,  and  are  largely  covered  with  sand  and  gravel.  The  Trout  Lake  con- 
glomerate at  the  base  of  the  series  is  a  remarkable  formation  quite  unlike  any  of 
the  Huronian  conglomerates.  It  is  very  siliceous  and  is  composed  largely  of  small 
pebbles  and  irregularly  shaped  fragments  of  quartzite,  chert,  quartz,  granite,  and 
greywacke.  No  boulders  more  than  10  inches  in  diameter  were  seen,  and  the  only 
observed  individual  of  that  size  W€i8  a  very  irregularly  shaped  piece  of  quartzite. 
The  formation  is  a  rubbly  conglomerate,  composed  of  rocks  of  many  kinds  and 
shapes,  and  nearly  all  less  than  one-half  inch  in  diameter;  There  seems  to  be  little 
variation  in  its  character  from  top  to  bottom,  except  perhaps  that  the  upper  part  is 
better  sorted.  At  the  base,  especially,  it  appears  to  be  massive;  no  bedding  planes 
or  distinct  lens  or  layers  of  gravel  or  greywacke  were  seen.  The  structural  position 
of  the  formation  is  assumed  from  the  distribution  of  its  outcrops.  It  forms  a  long, 
almost  straight  hogback  facing  northeastward,  and  constitutes  in  a  very  striking 
manner  part  of  the  edge  of  the  Sudbury  basin.  Within  this  ridge  to  the  southwest 
lies  a  sand-plain,  in  which  are  certain  outcrops  of  well-bedded,  grey  volcanic  tuff 
which  has  been  called  by  Coleman  the  Onaping  tuff.  Little  can  be  added  to  previous 
description  of  these  formations.^  Neither  the  Onwatin  slate  nor  the  Chelmsford 
sandstone  outcrops  within  the  Lake  Wanapitei  area.  The  Whitewater  series  slopes 
gently  towards  the  interior  of  the  basin,  and  is  separated  from  the  Huronian  forma- 
tions by  a  band  of  norite,  which  constitutes  the  basin,  as  well  as  by  older  granites, 
and  glacial  deposits. 

KEWfiSNAWAN  INTRUSIVES 

Most  important  of  the  later  irruptives  is  the  Sudbury  norite  and  micropegma- 
tite,  just  referred  to,  which  stretches  from  Ella  lake  to  the  sand-plains  in  the  south. 
Under  the  sand  deposits  its  distribution  could  not  be  traced,  but  doubtless  it  per- 
sists. This  formation  intrudes  the  Whitewater  series  and  seems  to  lie  upon  the  pre- 
Huronian  granite  and  green  schists.  At  its  northern  contact  numerous  prospects 
and  developments  show  the  concentration  of  pyrrhotite  in  considerable  amount  in 

1  See  page  86. 

2  Collins,  W.  H..  personal  communication. 

s  Collins,  W.  H.,  Q«ol.  Surv.,  Can..  Mus.  Bull.  No.  22,  1916. 

4Quirke,  T.  T.,  GeoL  Surv..  Can.  Sum.  Rept.,  1920.  pp.  16-17  D. 

B Coleman,  A.  P.,  "Problems  of  American  QeolosY  "  (1915),  pp.  141-144. 
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certain  places.    Diamond  drilling  bae  been  carried  on  elsewhere  along  tbe  outer  edge 
of  the  norite,  and  exploration  in  general  seems  to  have  been  thorough. 

The  contacts  of  other  types  of  diabase,  which  are  distributed  in  large  mafises 
from  the  northwest  to  the  southeast  of  the  area,  have  not  been  as  well  examined, 
although  there  are  several  prospects  about  the  shores  of  lake  Wanapitei  and  a  few 
claims  that  have  been  worked  for  gold.  The  most  important  of  these,  probably,  are 
the  Bonanza  on  lake  Bonanza,  and  the  Orystal  between  Bowland  lake  and  lake 
Matagamisi.  There  are,  in  addition  to  these,  which  were  not  financially  successful, 
certain  claims  worth  consideration.  Visible  gold  occurs  in  many  locations  on  the 
east  shore  of  lake  Kukagami;  near  Haseey  Bay;  to  the  east  of  the  eoutheafit  bay  of 
lake  Wanapitei;  and  doubtless  in  other  places.  The  gold  occurs  in  quartz  veins  in 
association  with  iron  pyrite  in  some  cases  and  in  other  cases  with  the  addition  of 
galena  and  carbonate.  So  far  ae  known  aU  the  veins  are  near  the  contact  of  the 
diabase,  and — in  one  promising  locality  at  least — in  the  neighbourhood  of  a  major 
fault  which  is  near  the  contact  of  the  diabase. 

PLEISTOCENE  FORMATIONS 

There  are  considerable  deposits  of  glacial  origin  in  the  southern  part  of  the 
area,  and  wide  sand-plains  in  the  valley  of  the  upper  Wanapitei  river  and  along  the 
East  branch,  extending  for  several  miles  along  the  north  shore  of  the  lake,  where 
they  seem  at  first  glance  to  represent  deposits  formed  when  the  lake  level  was  much 
higher  than  it  is  today.  But  this  apparently  flat  sand-plain  is  a  good  deal  lower 
near  the  old  Indian  reserve  than  it  ifi  along  the  valltey  of  upper  Wanapitei  river, 
where  the  sand  bluffs  rise  between  20  and  80  feet  above  the  present  river  level.  And 
the  fact  that  the  sand-plain  is  characterized  by  numerous  ridges  and  other  minor 
irregularities  shows  that  something  besides  deposition'  on  a  lake  bottom  occasioned 
the  accumulation  of  sand.  The  gradual  rise  from  south  to  north  indicates  that  a 
stream  from  t>he  north  deposited  sand  in  a  basin  partly  filled  by  the  waters  of  lake 
Wanapitei.  If  the  present  level  of  the  lake  were  raised,  the  water  would  escape 
through  Portage  bay  and  Bowland  lake  and  through  lake  Matagamisi  to  Sturgeon 
river,  hence,  theories  bafied  on  the  assumption  that  the  ancient  lake  level  was  much 
higher  than  at  present  are  not  very  convincing.  Various  depressions  of  the  kettle- 
hole  type  near  Higgins  bay  are  clearly  deposits  of  an  ice-sheet.  Some  of  these  kettle- 
holes  are  only  slightly  above  the  present  lake-level,  and  would  certainly  have  been 
buried  beneath  lacustrine  deposits  if  the  level  of  the  lake  had  been  high  Plough  to 
cause  the  deposition  of  the  northern  sand-plain.  It  seems,  therefore,  that  lake 
Wanapitei  has  never  been  much  higher  than  now,  and,  as  already  mentioned,  the 
present  level  has  been  raised  artificially  16  feet.  The  rath^  curious  high  sand  and 
gravel  plateaus  south  of  Massey  Bay  terminate  abruptly  in  the  manner  of  an  embank- 
ment or  an  artificial  fill,  and  probably  represent  levels  of  sub-glacial  deposition. 
Their  erratic  distribution  and  varying  heights  seem  incompatible  with  any  theory 
of  origin  dependent  upon  change  of  widespreading  water-levels.  Standing  waters 
undoubtedly  played  their  part,  as  is  evidenced  by  the  stratified  lake  clays  containing 
boulders  near  the  railway  bridge  across  Wanapitei  river  ;^  and  although  such  lakes 
are  oonmaonly  associated  with  the  edge  of  ice-sheets,  this  does  not  negative  the  idea 
that  the  widespread,  sorted,  sandy  material  is  of  sub-glacial  origin. 

OORRBLATION 

Ramaay  Lake  Conglomerate 

There  are  two  areas  of  massive  conglomerate,  one  at  Ramsay  lake  near  Sudbury, 
and  one  in  Falconbridge  township,  which  have  been  mapped  under  the  local  name  of 
Ramsay  Lake^  conglomerate  because  the  correlation  of  these  formations  was  in  doubt 

1  Collins,  W.  H.,  Geol.  Surv..  Can..  Sum.  Rept,  1913.  p.  195. 

2 Coleman,  A.  P.,  "The  Nickel  Industry."  Ont  Bureau  of  Hlnea,  Rept.  of  lOnee.  Can. 
Mines  Branch,  Bull.  170,  pp.  6  and  8,  1913.  and  map  of  Sudbury  Nickel  region.  Ont.  1905. 
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Coleman^  thought  that  both  these  areas  were  representatives  of  the  Cobnll 
conglomerate,  and,  at  one  time,  Collins^  agreed  with  him  at  least  as  far  as  the  area 
in  Falconbridge  is  concerned.  This  was  also  the  opinion  of  Miller  and  Ejiight,^ 
although  they  correlated  both  Cofbalt  and  Ramsay  Lake  conglomerate  with  the  White- 
water series  under  the  name  Animikean. 

The  writer  visited  the  Falconbridge  area,  which  lies  a  few  miles  south  of  the  Lake 
Wanapitei  area  and  is  shown  on  Collins*  Map  124A,  and  was  able  to  identify 
the  following  part  of  the  Bruce  succession  west  of  the  gold  ciaima  alongside  nm 
diabase  in  lot  6,  concession  11:  Bruce  conglomerate,  Bruce  limestone,  Espanola  grey- 
wacke,  Espanola  limestone,  a  fault  zone  followed  by  Mississagi  quartzite.  In  lot  5, 
concession  III,  the  Mississagi  quartzite  underlies  Bruce  conglomerate,  which  is  con- 
tinuous with  that  in  contact  with  the  limestone.  These  outcrops  represent  an  eroded 
series  of  folds  wherein  the  structural  position  of  the  massive  Bruce  conglomerate  is 
made  clear  by  the  position  of  the  overlying  limestone  and  underlying  quartzite.  The 
conglomerate — as  both  Collins  and  Coleman  note — is  massive  and  generally  without 
indigenous  indications  of  its  position,  and  both  considered  it  to  be  unconformable 
upon  the  almost  vertical  quartzite  and  limestone.  Hiowever,  later  work  has  shown 
conclusively  that  the  Bruce  succession  is  quartzite,  conglomerate,  limestone,  and  it 
may  be  recognized  by  this  order  of  outcropping.  Furthermore,  there  are  eo  many 
distinctive  types  of  deposit  i)eculiar  to  the  Cobalt  formation  which  are  never  found  in 
the  Bruce  conglomerate  that  they  can  generally  be  distinguished  on  lithologic  evidence 
alone.*  The  writer  is  convinced  that  the  Bamsay  Lake  conglomerate  of  Falconbridge 
township  is  the  representative  of  the  Bruce  conglomerate  of  the  original  Huronian 
area. 

Collins^  has  identified  the  Eamsay  Lake  conglomerate  of  Ramsay  lake  as  the 
equivalent  of  the  quartzitic  basal  conglomerate  of  the  Mississagi  formation.  The  local 
name  Ramsay  Lake  conglomerate,  having  served  its  purpose,  may  now,  therefore,  be 
abandoned. 

Sudbury  Series 

Part  of  the  formations  correlated  with  the  Bruce  series  in  this  report  have  pre- 
viously been  mapped  and  described  by  Coleman  and  Collins^  as  part  of  the  Sudbury 
series,  of  pre-Huronian  age.  It  is  advisable,  therefore,  to  explain  the  basis  of  this 
revision.  It  is  only  fair  to  begin  by  pointing  out  that  the  work  of  Coleman  and 
CoUinfi  here  referred  to  was  done  before  Collins  began  in  1914  his  exhaustive  study 
of  the  original  Huronian  formation  along  the  north  shore  of  lake  Huron.  These 
studies  have  given  us  a  knowledge  of  the  true  order  of  succession  of  the  Precambrian 
formations,  familiarity  with  the  formations  as  geologic  units,  a  recognition  of  the 
changing  phases  of  certain  formations,  and,  in  certain  cases,  the  means  of  diagnosing 
these  phases  by  lithologic  and  minor  structural  criteria''.  These  means  of  correlation 
have  been  applied  in  any  other  areas  since  1914  to  the  g^i'eat  simplification  of  geologic 
problems  bearing  upon  the  stratigraphy  of  the  Sudbury  and  Lake  Huron  areas. 

Although  Coleman  observed  in  1906  that  the  granite  at  the  Murray  mine,  near 
Sudbury,  was  intrusive  in  the  norite,  it  was  not  generally  recognized  that  any  of  the 
granites  in  northeastern  Ontario  intruded  the  Huronian  sediments  until  the  publica- 
tion of  Collins'  bulletin  on  the  age  of  the  Killamey  granite.    Hence  when  sedi- 

1  Coleman,  A.  P.,  Idem,  p.  9.  ComptcRendus,  Confn'te  G^olo^que  International,  IStdme 
Session,  Canada.  1914,  p.  389. 

2  Collins,  W.  H.,  Congrr^s  Odologrlque  International,  12i&me  Session,  Canada,  1914,  Compte- 
Rendus.  p.   404.     Wanapitei  Sheet,  Map  No.   124 A,   Qeol.   Surv.,  Can. 

8  Miller,  W.  a,  and  Knight,  C.  W.,  Jour.  Geol..  vol.  XXIII,  pp.  589  and  594.  1915. 
*Jour.  Geol..  vol.  XXIX,  1920.  pp.  470-472. 

»  Collins,  W.  H.,  personal  communication.  

•  Colemiln.  A.  P..  Ann.  Rept.,  Ont.  Bureau  of  Mines,  voL  XXIII,  pt.  1,  pp.  213-214,  1914. 
"Problems  of  American  Geology,"  p.  97,  1915. 

Collins,  W.  H.,  Geol.  Surv.,  Can.,  Sum.  Rept,  1918.  pp.  190-191. 
7  Collins,  W.  H.,  Geol.  Surv.,  Can.,  Mus.  Bulls.  No&  8  and  22. 

Quirke,  T.  T.,  Jour,  of  Geol.  vol.  XXIX,   1920,  pp.  470-471. 
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mentary  formations  were  found  -much  folded  and  invaded  by  granite  they  were 
commonly  referred  to  the  pre-Huronian  division.  Ooleman  found  at  Sudbury  a 
succession  of  arkose,  greywacke,  and  quartsite,  all  highly  folded  and  metamorphosed. 
These  he  included,  under  the  names  Copper  Cliff  arkose,  McKim  greywacke,  and 
Wanapitei  quartzite,  in  the  Sudbury  series,  regarding  them  as  of  pre-Kuronian  age 
and  separated  from  the  Huronian  (Cobalt  series)  by  a  great  interval  of  mountain* 
building  and  peneplanation. 

In  the  Lake  Wanapitei  area  only  the  Wanapitei  quartzite  is  present;  but  it  is  so 
associated  with  other  formations  of  the  Bruce  series  as  to  indicate  it  to  be  the 
Mississagi  quartzite.  The  order  of  the  formations  mapped  is  the  same  as  that  in  the 
Bruce  eeries  of  the  original  Huronian  area  with  the  possible  exception  of  the  Espanola 
limestone,  as  follows: 

(Feldsp&thic  Impure  quartxRe   (Serpent  quartzite). 
Stratified  vllty  greywacke    (Espanola  sTe3rwacke). 
SiUceous  limestone  (Bruce  limestone) 
Massive  conglomerate   (Bruce  conglomerate). 

Faint  unconformity 
FeldspathlrC  quartzite,  arkoslc  and  conglomeratic  at  base  (Mississagi  quartzite  or  Wanapitei 
quartzite). 

The  character  of  these  formations  in  the  area  and  their  succession  identify  them 
with  the  Bruce  series.  The  identity  of  the  Wanapitei  quartzite  with  the  Mississagi, 
has  further  been  established  by  Collins,  who  in  1917,^  traced  the  Mississagi  quartzite 
continuously  from  Espanola  to  lake  Wanapitei  and  found  it  to  correspond  to  the 
Wanapitei  quartzite  of  Ooleman. 

The  McKim  grreywacke  and  Copper  Cliff  arkose  formations  of  the  Sudbury  series 
do  not  occur  in  the  Wanapitei  map-area,  but  in  Sudbury  district  Collins  has  found 
some  evidence  of  unconformity  between  the  Mississagi  (or  Wanapitei)  quartzite  and 
the  McKim  greywacke  beneath  it.  The  basal  member  of  the  Mississagi  (or  Wanapitei) 
quartzite  is  a  thick  bouldery  conglomerate  (the  iRamsay  Lake  conglomerate,  of  Cole- 
man) which  carries  a  few  pebbles  of  a  sheared  greywacke  apparently  derived  from  the 
McKim  formation.  The  exact  contact  between  this  basal  conglomerate  and  the  McKim 
greywacke  was  found  in  only  two  places  and  does  not  throw  much  additional  light 
upon  the  nature  and  importance  of  the  unconformity. 


ECONOMIC  GEOLOGY 

ORE  DEPOSITS 

Nickel  and  Copper 

The  deposits  of  nickeliferous  pyrrhotite  underlying  the  eastern  end  of  the 
Sudbury  norite  which  extends  into  the  Wanapitei  area  have  been  so  fully  treated  by 
Coleman  that  it  would  be  wasted  effort  to  discuss  them  further,  except  to  mention 
that  none  of  the  properties  within  the  map-area  is  now  being  worked. 

CMd  and  Iron 

In  addition  to  the  claims  for  nickel  and  copper,  there  are  many  claims  for  iron 
and  gold.  The  iron  ore  deposits  which  lie  in  the  northwestern  comer  of  !the  map- 
area  have  been  described  by  Miller*  and  need  no  further  mention,  except  the  repetition 
that  they  are  probably  of  no  value. 

The  prospects  for  gold  deserve  more  extended  consideration.  Several  claims 
have  developed  into  mines,  but  none  has  been  financially  successful.  Li  most  cases 
the  gold  is  there  in  epecke,  wires,  or  pieces  of  considerable  size,  but  the  deposits  were 

1  Unpublished  information  about  to  appear  upon  a  general  geological  map  of  northeastern 
Ontario.  Geol.  Surv.,  Can.,  No.   165 A, 

2  Miller.  W.  O.,  Ont.  Bureau  of  Mines.  1901,  p.  177. 
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too  patchy  or  otherwise  too  limited  to  bear  the  expense  of  xninini^  and  milling.  All 
the  mines  are  now  abandoned.  However,  prospecting  continues  with  some  expectation 
of  the  dieooveiy  of  profitable  gold  dq[>08it6. 

The  best  known  mine  is  the  Crystal  mine,  which  lies  between  Bowland  and 
Matagamisi  lakes.  The  main  shaft  ie  sunk  in  the  crest  of  a  hill  of  gr^wacke;  the 
mill  timbers  and  the  wreck  of  some  machinery  are  at  the  base  on  the  shore  of  lake 
Bowland.  The  ore-body  ia  a  quartz  vein  which  lies  between  diabase  on  the  east  and 
greywacke  (Gowganda  formation)  on  the  west.  The  vein  minerak  are  quarts, 
pyrite,  and  a  carbonate,  probably  breunnerite  (carbonate  of  iron  and  magnesium) 
judging  from  its  tan-coloured  weathering.  The  gold  is  free  milling.  Oollins^  has 
reported  that  the  gold  ore  deposits  of  this  district  differ  from  the  usual  type  in 
northern  Ontario,  and  he  described  the  Crystal  mine  and  the  geological  relartions 
of  its  ddi)osits. 

In  many  other  pQaces  on  the  east  side  of  lake  Wanapitei,  at  or  near  the  contacte 
of  diabase  and  partly  in  the  Huronian  rocks,  there  are  quartz  veins  which  carry  visible 
gold.  The  gold  is  free,  and:  much  of  it  is  wire  gold,  which  suggests  that  it  is  derived 
from  sulphides  during  weathering.  The  gold  has  not  been  found  in  the  country 
rock,  outside  the  veins,  which  makes  it  xmlikely  that  disseminated  deposits  will  be 
found  at  least  in  the  more  siliceous  types  of  rock.  The  commonest  association  of 
vein  minerals  is  quartz,  pyrite,  galena,  and  gold.  In  the  Crystal  mine,  and  in  a 
prospect  along  a  great  fault  line  between  lakes  Wanapitei  and  Ashganing,  the 
mineraU  are  quartz,  pyrite,  carbonate,  and  gold. 

A  good  deal  of  prospecting  for  gold  has  been  done  in  the  northwest  part  of  the  area 
in  the  Keewatin  formation,  where  the  banded  iron  formation  occursw  A  prevalent 
idea  among  many  prospectors  seems  to  urge  them  to  prospect  for  gold  wherever  there 
are  jaspilyte  beds  in  the  echists.  They  believe  that  the  iron  has  a  precipitating  effect 
upon  gold  solutions.  Authenticated  instances  of  gold-bearing  quartz  veins  being 
associated  with  so-called  'T[)anded  iron  formation^  are,  however,  more  easily  explained 
as  follows :  the  Keewatin  schists  are  older  than  many  igneous  intrusions  which  might 
have  been  responsible  for  episode  after  episode  of  mineralization,  and  the  Keewatin 
schists  contain  numerous  streaks  of  siliceous  iron  deposits,  known  as  jaspilyte; 
consequently  some  of  tiie  gold4)earing  quartz  veins  in  the  Keewatin  rocks  happened 
to  intersect  the  banded  jaspilyte.  It  is  very  doubtful,  however,  if  jaspilyte  itself  is 
a  good  indication  of  gold-bearing  quartz  veins. 

A  much  better  guide  for  the  prospector  in  the  Lake  Wanapitei  area  is  the 
contact  of  diabase  and  Huronian  sediments.  As  Collins  observed,  the  gold  deposits 
are  in  every  case  closely  coimected  with  a  diabase  intrusion.  To  this  it  may  be 
added  that  gold-bearing  quartz  veins  have  been  found  along  the  line  of  major  faults 
near  diabase  intrusions,  the  faults  being  younger  than  the  intrusions.  These  quartz 
veins,  however,  are  patchy  and  their  content  of  gold  irregular. 

In  the  further  prospecting  for  gold  all  major  fault  lines  passing  close  to  diabase 
intrusions  should  be  examined  carefully,  especially  the  fault  slightly  west  of  the 
mouth  of  Mountain  creek;  the  fault  between  lakes  Wanapitei  and  Ashganing;  and 
the  fault  line  wifth  a  northwest-southeast  bearing  about  one  mile  east  of  the  outlet 
dam  on  lake  Wanapitei.  Along  this  last  fault  is  a  remarkable  replacement  of 
Mississagi  quartzite  by  large  feldspar  crystals,  apparently  adularia.  Such  a  replace- 
nient  is  thought  to  indicate  the  intrusion  of  hot  aqueous  solutions.  Limestone  out- 
crops should  also  be  followed  to  their  contact  with  diabase;  such  places  may  be  found 
west  of  Mountain  creek,  and  in  Scadding  township,  according  to  the  map  (No.  1948) 
which  accompanies  this  report.  In  Scadding  the  soil  is  so  thick  that  none  of  the 
limestone  outcrops  could  be  followed  very  far;  however,  certain  contacts  of  limestone 
and  diabase  are  mapped,  and  it  is  recommended  that  these  should  be  explored 
thoroughly,  in  the  search  not  only  for  mineral  veins  but  for  disseminated  deposits  o£ 
gold-bearing  pyrite. 

1  Collins.  W.  H.,  Geol.  Surv..  Can.,  Mem.   95,   1917,  pp.  114-115. 
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INTRODUCTION 

Eadium-bearing  minerals  were  discoyered  near  Parry  Sound  in  February,  1921, 
and  in  August  the  writer  was  detailed  to  examine  these  prospects  and  to  yisit  any  other 
localities  in  Ontario  where  such  minerals  have  been  found  or  might  possibly  occur. 
As  the  radium-bearing  minerals  so  far  discoyered  in  Ontario  occur  in  pegmatite, 
the  work  resolyed  itself  into  an  examination  of  pegmatites  in  general,  particularly 
those  which  have  been  opened  up  for  the  mining  of  feldspar  or  white  mica.    Nearly 
all  the  feldspar  or  white  mica  mines  in  Ontario  of  which  records  were  obtainable, 
besides  numerous  radium  mineral  prospects,  were  visited,  but  the  time  available  for 
examination  was  in  many  cases  brief.    The  main  object  of  the  investigation  was  to 
estimate  the  possibility  of  a  commercial  production  of  uranium-radium  ore  from  these 
deposits;    a  secondary  object  was  the  collection  of  data  that  might  prove  useful  to 
^  5 '      prospectors  for  radium  minerals  in  other  areas.     Further,  the  analysis  of  uranium 
^  ff^      minerals  provides  a  means  of  estimating  the  actual  age  in  years  of  the  rocks  in  which 
;  ^  jT       they  occur;    a  point  of  much  more  practical  importance  than  appears  at  first  sight. 
.j^r>      There  has  been,  and  is,  great  divergence  of  opinion  among  Precambrian  geologists 
^^^  >'      as  to  the  correlation  of  the  widespread  irruptive  invasions  known  as  the  Laurentian, 
Algoman,  Killam^,  and  other  g^i'&iiites.    The  relationship  of  the  Grenville-Hastings 
^  L^     areas  of  Quebec  and  eastern  Ontario  to  the  Keewatin  and  Huronian  of  western 
'^^  i      Ontario  has  never  been  satisfactorily  settled.    If  it  were  possible  to  obtain  uranium 
^^t^:^  *     minerals  from  these  various  granites  their  respective  ages  could  be  calculated,  and 
correlation  problems  that  have  hitherto  defied  all  other  methods  of  attack  could  be 
solved.    Apart,  therefore,  from  the  purely  commercial  possibilities  of  radium  produc- 
tion the  finding  of  uranium  minerals  may  be  of  great  practical  importance  in  helping 
to  solve  some  of  the  most  difficult  problems  of  Precambrian  geology  in  Ontario  and 
Quebec. 

As  a  result  of  this  investigation  radioactive  minerals  have  been  found  in  small 

amounts  in  the  majority  of  the  workings  visited,  extending  from  Parry  Sound  east- 

*^i^    ward  nearly  to  Kingston.    It  thus  appears  that  uranium  and  thorium  minerals  are  of 

^    quite  common  occurrence  and  widely  distributed  in  the  Precambrian  rocks  of  this 

part  of  Ontario,  though  usually  present  only  in  very  small  quantities. 

Before  proceeding  to  the  description  of  the  various  prospects,  it  may  be  worth 
while  to  say  something  about  radium,  its  uses  and  the  present  situation  with  regard 
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to  its  production.  For  the  data  included  in  this  part  the  writer  has  drawn  on  the 
well-known  publications  of  Kutherford,  Boltwood,  Kamsay,  Soddy,  the  U.S.  Bureau 
of  Mines,  and  others.  Those  interested  in  the  subject  of  radioactivity 'will  find  the 
scientific  side  extremely  well  presented  in  Kutherford's  "Radioactive  Substances 
and  Their  Badiations/'  and  the  ptractical  aspects  of  radium  production,  occurrence 
of  ores,  etc.,  are  equally  well  covered  by  the  U.S.  Bureau  of  Mines  Bulletins  70,  103, 
and  104. 

RADIUM  AND  ITS  PROPERTIES 

Radium  is  a  white  metal  resembling  barium  in  general  chemical  properties.  The* 
metal  has  been  produced  only  in  small  quantities  for  experimental  purposes.  In 
commercial  refining  processes  it  is  obtained  in  the  form  of  a  compound  with  chlorine 
or  bromine,  hence  the  term  radium  as  popularly  used  refers  to  radium  chloride  or 
bromide.  In  this  form  when  freshly  prepared  it  resembles  common  table  salt  in 
appearance. 

Radium  by  itself  or  in  compounds,  possesses  the  remarkable  property  of  spon- 
taneously changing  into  the  gas  helium  and  the  metal  lead.  What  is  perhaps  just 
as  remarkable,  it  does  so  at  a  fixed  rate  which  is  entirely  unaffected  by  any  alteration 
in  temperature  and  pressure  which  it  has  been  x>ossible  to  apply  up  to  the  present. 
This  rate  is  such  that  half  of  the  radium  is  changed  in  1,690  year?.  In  the  next  1,690 
years  half  of  the  remainder,  or  one-quarfer  of  the  original  quantity  disappears,  and 
mo  on.  The  transformation  is  not  a  simple,  directs  process,  however,  but  takes  place 
in  stages,  a  number  of  substances  of  decreasing  atomic  weight  being  formed,  which 
jBLTe  really  short-lived  chemical  elements,  each  breaking  down  to  form  the  next  in 
:Buccession  until  the  final  result  is  a  quantity  of  lead  and  helium  equal  in  combined 
weight  to  the  radium  which  hae  decomposed. 

One  of  these  intermediate  substances  commonly  called  radium  emanation  is  of 
great  practical  importance.  It  is  a  gas,  the  heaviest  known,  having  according  to 
Rutherford  one  hundred  and  eleven  times  the  density  of  hydrogen.  In  the  treatment 
of  cancer  in  institutions  where  comparatively  large  quantities  of  radium  are  avail- 
able the  radium  chloride  is  kept  in  solution  and  the  emanation  as  it  accumulates  is 
boiled  off  and  compressed  into  hollow  needles  or  other  devices  convenient  for  applica- 
tion. In  this  way  greater  economy  and  safety  in  the  use  of  radium  is  obtained  than 
if  the  radium  salt  itself  is  used.  The  emanation  loses  its  potency  in  a  short  time, 
having  a  half -life  period  of  only  3-35  days. 

The  disintegration  of  radium  is  accompanied  by  the  release  of  a  relatively  enor- 
mous amount  of  energy.  Radium  produces  more  than  enough  heat  to  melt  its  own 
weight  of  ice  every  hour,  and  three  types  of  radiations  are  given  off  called  the  alpha, 
beta,  and  gamma  rays.  The  alpha  rays  consist  of  atoms  of  helium  carrying  positive 
electricity  and  travelling  at  a  rate  of  about  12,000  miles  a  second  or  about  one-fifteenth 
the  velocity  of  light  The  beta  rays  are  extremely  minute  negatively  charged  bodies 
having  a  velocity  of  from  100,000  to  186,000  miles  a  second,  or  about  the  velocity  of 
light,  and  their  mass  is  estimated  at  only  one  sixteen-hundredth  of  that  of  the  hydro- 
gen atom.  They  are  thought  to  represent  the  smallest  unit  having  a  part  in  the 
constitution  of  matter.  The  gamma  rays  unlike  the  alpha  and  beta  rays  are  imponder- 
able, being  ether  vibrations  of  very  short  wave  length,  like  X-rays.  All  these  radia- 
tions will  affect  a  photographic  plate  and  will  discharge  an  electroscope,  though  in 
different  degrees.  The  alpha  rays  are  most  effective  in  discharging  an  electroscope 
but  have  very  little  power  of  penetration,  being  stopped  by  a  thin  sheet  of  paper.  The 
beta  rays  have  about  one  hundred  times  the  penetrating  power  of  the  X-rays,  and  the 
gamma  rays  will  penetrate  a  foot  of  iron. 

A  substance  which  gives  off  one  or  more  of  these  types  of  radiations  is  said  to 
be  radioactive. 

Radium  itself  is  formed  as  a  result  of  a  similar  spontaneous  disintegration  of 
uranium,  which,  however,  takes  place  much  more  slowly  than  in  the  case  of  radium. 
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the  time  required  for  the  disappearance  of  one-half  of  any  amount  of  uranium  boing 
about  5,000,000,000  years.  In  a  ton  of  uranium  element  only  about  one-eighth  of  a 
milligram  disintegrates  annually.  Thus  geologically  old  uranium  mineralfl  furnish 
the  only  conunercial  source  of  radium,  since  a  very  long  time  is  required  for  the 
accumulation  of  appreciable  quantities. 

A  gram  of  uranium  with  its  yarious  distintegration  products  produces  1-88  x 
10-"g.  of  helium  and  1-21  x  10-^®g.  of  lead  per  year.  Hence  if  the  percentages  off 
uranium  and  of  lead  or  helium  in  a  mineral  are  known,  the  age  of  the  mineral  in  years 
can  be  determined,  assuming  (1)  that  no  lead  or  helium  was  originally  present  in  the 
mineral  at  the  time  of  its  formation  and  (2)  that  the  rate  of  transformation  in  the 
past  has  been  the  same  as  that  observed  at  the  present  time.  There  is  good  evidence 
both  experimental  and  geological  to  justify  these  assumptions,  and  geological  age  deter- 
minations according  to  this  method  are  regarded  as  the  most  accurate  and  reliable 
that  can  possibly  be  o'btained  in  our  present  state  of  knowledge.  If  we  suppose  a 
uranium  mineral  to  be  free  of  radium  at  the  time  of  its  formation,  during  millions 
of  succeeding  years  radium  is  slowly  produced  and  gradually  accumulates,  though  it  is 
at  the  same  time  changing  to  helium  and  lead.  Eventually  equilibrium  between  forma- 
tion and  decay  is  established;  after  a  period  estlmiated  at  from  1,000,000  to 
10,000,000  years,  all  uranium  minerals  which  have  not  suffered  alteration  should 
contain  the  equilibriimi  amount  of  radium  corresponding  to  their  uranium  content. 
Numerous  investigators  have  deteranined  this  constant  with  quite  concordant  results. 
The  most  recent  determination  of  Lind  and  Roberts  agrees  exactly  with  an  earlier 
one  of  Rutherford  and  Boltwood.    This  ratio  is  stated  as  follows : 

1  gram  of  uranium  is  in  radioactive  equilibrium  with  8 '4x70-^  grams  of  radium. 

In  practical  units  1  milligram  of  radium  is  contained  in  about  7*66  pounds  of 
uranium  oxide  (XJsOs)  in  unaltered  old  uranium  minerals.  Or  if  the  ratio  is  placed  at 
1  milligram  in  8  x>ounds  of  XJsOs  we  have  a  figure  representing  a  safe  working  basis 
for  commercial  calculations.  It  follows  from  this  relationship  that  the  quantity  of 
radium*  present  in  an  unaltered  ore  can  be  calculated  from  the  percentage  of  UsOft 
as  shown  by  chemical  analysis. 

Thorium  is  an  element  having  radioactive  properties  similar  to  uranium,  and  like 
it  changes  into  helium  and  lead  through  a  series  of  intermediate  substances.  The 
disintegration  of  thorium  is  about  three  times  slower  than  that  of  uranium.  Thorium 
produces  a  highly  active  product,  mesothorium,  resembling  radium  in  its  properties 
and  inseparable  from  it  by  chemical  means.  All  thoriudn  minerals  contain  some 
uranium  and  most  uranium  minerals  carry  some  thorium.  Hence  all  mesothorium 
preparations  contain  some  radium  and  radium  may  contain  mesothorium.  The  radium 
produced  from  United  States  camotite,  however,  appears  to  be  almost  free  from 
mesothorium. 

USES 

Popular  interest  in  radium  has  been  greatly  stimulated  in  recent  years  by  the 
increasing  use  of  this  rare  element  in  the  treatment  of  cancer  and  related  malignant 
growths.  As  to  the  favourable  influence  of  radium  in  cancer  treatment  there  appears 
to  be  no  longer  any  doubt.  Institutions  such  as  the  General  Memorial  Hospital,  New 
York,  the  Howard  A.  Kelly  Hospital,  Baltimore,  and  the  New  York  State  Cancer 
Hospital  at  Buffalo,  which  have  had  relatively  large  quantities  of  radium  in  use  for 
a  number  of  years  report  most  favourably  as  to  its  beneficial  action,  though  it  is  not 
effective  in  all  cases.  Its  therapeutic  use  is  being  continually  extended  and  includes 
many  other  diseases.  It  is  worth  noting  that  it  is  the  very  penetrating  radiations  or 
so-called  gamma  rays  of  radium  or  radium  emanation,  which  are  used  in  the  treatment 
of  cancer.  The  gamma  rays  are  analogous  to  X-rays  and  it  is  not  impossible  that 
improvements  in  apparatus  for  production  and  control  of  X-rays  may  in  future  tend 
to  lesson  the  demand  for  radium  for  this  purpose.  Radium  has  at  present  the  advan- 
tage of  much  greater  ease  of  application  and  control. 
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Water  containing  radium  or  ra<Mum  emanation  is  supposed  to  have  valuabio 
medicinal  properties  and  is  taken  both  internally  and  in  the  form  of  hatha.  The 
curative  value  of  many  of  the  famous  mineral  springs  of  Europe  and  particularly 
the  spring  at  Bath,  England,  is  now  ascribed  largely  to  the  presence  of  dissolved 
radium  or  radium  emanation.  At  Joachimsthal  in  Czecho-Slovakiay  water  from  the 
pitchblende  mines  is  utilized  in  this  way.  This  is  worthy  of  note,  as  highly  active 
springs  may  be  found  in  the  neighbourhood  of  the  radium-bearing  mineral  occur- 
rences in  Ontario  and  such  springs  would,  if  properly  exploited,  undoubtedly  prove 
a  strong  additional  attraction  for  tourists  and  visitors  to  that  already  famous  vacation 
land,  the  ''Highlands"  of  Ontario. 

The  other  chief  commercial  use  of  radium  is  in  the  making  of  the  familiar 
luminous  paint  used  on  watches,  compasses,  etc.  Here  radium  has  a  competitor, 
mesothorium,  a  by-product  of  the  thorium  gas  mantle  industry,  which  is  cheaper  and 
serves  well  while  it  lasts,  though  its  effective  life  is  short — only  five  to  six  years.  On 
the  other  hand  genuine  radium  paint  preserves  its  luminosity  indefinitely. 

Experiments  have  been  made  which  indicate  that  radium  increases  the  growth 
and  yield  of  plants,  so  that  tailings  and  residues  from  the  treatment  of  radium  ore 
may  have  some  commercial  value  as  a  fertilizer  because  of  the  small  amount  of 
unrecovered  radium  they  contain  in  addition  to  other  elements  present.  A  company 
has  been  formed  recently  in  Czecho-Slovakia  to  exploit  radioactive  fertilizers.  Should 
the  pegmatites  ever  be  worked  for  their  radium  content  the  tailings  and  residues  if 
finely  ground  should  also  be  of  value  for  their  potash  content,  which  would  slowly 
become  available  when  applied  to  the  land.  In  considering  the  development  of  the 
Ontario  deposits  the  necessity  of  providing  a  market  for  the  tailings  or  residues 
cannot  be  over-emphasized,  since  the  ores  are  in  general  too  poor  to  be  profitably 
worked  for  the  uranium-radium  content  alone. 

A  new  use  for  radium  is  developing  in  the  gem  industry  where  it  is  used  for 
colouring,  decolourizing,  or  otherwise  altering  or  improving  the  colour  of  precious 
stones.     Apx>arently,  however,  such  changes  are  not  always  permanent. 

PBODUOnON 

The  world's  total  production  of  radium  up  to  January,  1921,  has  been  estimated 
by  the  United  States  Bureau  of  Mines  at  approximately  165  grams,  or  about  5 
oimces.  Of  this  the  United  States  has  produced  115  grams,  which  was  obtained  ^itirely 
from  the  carnotite  and  kindred  ores  of  Colorado  and  Utah.  Of  the  40  grams  produced 
outside  of  the  United  States,  at  least  10  grams  are  thought  to  have  been  made  from 
tAmerioan  ore.  A  certain  amount  of  carnotite  ore  is  exported  and  at  one  time  pitch- 
blende ore  produced  from  old  gold  mines  in  Gilpin  county,  Colorado,  was  sold  in 
Europe. 

It  is  impossible  to  obtain  reliable  data  as  to  the  amount  of  carnotite  ore  still 
available  in  the  United  States,  for  little  drilling  or  deep  development  work  has  been 
done,  and  the  workings  are  largely  superficial  and  pockety.  Probably,  however,  the 
greater  part  of  the  high-grade  ore  has  already  been  exhausted.  Writing  in  1918 
R.  B,  Moore,  of  the  United  States  Bureau  of  Mines,  stated  that  "  In  my  judgment 
the  carnotite  fields  will  not  produce  more  than  100  additional  grams  of  radium  element 
at  the  most — if  that  much.  This  would  about  double  the  world's  present  supply,  but 
on  account  of  the  large  use  of  radium  in  cancer  treatment  such  an  amount  though 
large  scientifically,  would  be  small  in  proportion  to  the  probable  demands."  Since 
this  was  written  about  80  grams  have  been  produced  in  the  United  States  as  follows : 
1919 — 11-8  grams;  1920 — 32*5  grams;  1921 — 35  gn^ams  estimated. 

In  Europe  radium  has  been  produced  in  relatively  small  quantities  ever  since 
its  discovery  from  the  pitchblende  deposits  of  Joachimsthal  and  from  various  locali- 
ties in  Saxony.  Autunite  ore  (uranium-calcium  phosphate)  carrying  0-8  to  1  per 
cent  UsOs  has  been  exploited  in  Portugal. 
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Two  companies  «t  least  are  mining  for  pitchblende  in  Oomwall  and  one  is  said 
to  be  producing  very  rich  ore  in  commercial  quantity.  The  pitchblende  ore  is  asso- 
ciated in  origin  with  the  well-known  tin  deposits  which  have  been  worked  since  the 
time  of  the  Phoenicians. 

At  Olary  in  South  Australia  a  refractory  low-grade  ore  containing  much  titanium 
and  iron,  with  some  rare  earths,  bas  been  suooessfuUy  worked.^  The  ore  is  concen- 
trated, the  concentrates  comprising  30  per  cent  of  the  ore  contain  1'6  per  cent  XIaOs, 
so  that  the  ore  itself  carries  only  0>5  per  cent  UsOs.  That  there  exists  a  oommeicially 
successful  process  for  obtaining  radium  from  an  ore  of  this  kind  is  of  special  interest 
as  it  appears  that  such  lean  and  refractory  minerals  are  on  the  whole  of  more  comimon 
occurrence  and  more  abundant  in  Ontario  than  the  rich,  easily  refined  uraninite. 
There  is  no  record  so  far  of  a  commercial  production  of  radium  based  on  uraninite 
from  x>egmatite. 

The  price  of  radium  salts  depends  partly  on  the  quantity  purchased  and  ^partly 
on  the  purity  of  the  product.  On  the  whole,  prices  have  been  steadily  rbing  since 
the  beginning  of  commercial  production.  During  1921  the  price  in  the  United  States 
was  $115  to  $120  a  milligram  of  element  for  small  lots.  For  larger  quantities  subject 
to  comfpetitiye  bids,  prices  were  somewhat  lower.  The  (price  may  be  stated  as  roughly 
from  $8,000,000  to  $8,500,000  an  ounce.  Badium  is  sold  in  the  form  of  cl^oride 
or  bromide,  but  the  price  is  reckoned  on  the  amount  of  element  present  as  determined 
by  electroscopic  measurements  of  the  gamma  ray  activity.  Commercial  preparations 
usually  contain  imfpurities,  notably  barium  salts  and  possibly  so^e  mesothorium. 
The  latter  has  properties  similar  to  radium  but  decays  in  a  few  yeHrs.  Mesothorium 
sells  for  $60  to  $70  a  milligram.    A  milligram  is  about        1        ounce,  Troy. 

81,000 
Owing  to  the  scarcity  of  ores  and  the  relatively  high  cost  of  mining  and  extraction 
it  does  not  appear  likely  that  the  price  of  radium  will  decline,  but  rather  otherwise. 


GENERAL  GEOLOGY  OF  THE  RADIOACTIVE  MINERAL  OCCURRENGES 

IN  ONTARIO 

All  discoveries  of  radioactive  minerals  in  Ontario  ^th  the  exception  of  a  lost 
locality  on  lake  Superior,  have  been  in  the  area  of  Precambrian  rodcs  south  of  Frencli 
and  Ottawa  rivers  and  west  of  a  line  between  Ottawa  and  Kingston.  In  this  area 
there  is  an  ancient  highly  metamorphosed  sedimentary  series  consisting  of  crystalline 
limestones,  quartzites,  and  paragneisses,  which  is  intruded  by  a  great  variety  of 
gneissic  eruptives  varying  from  granite  to  gabbros,  anorthosites,  nepheline  rocks,  etc. 
The  sedimentary  rocks  have  been  called  the  Gren^^le  and  Hastings  series  and 
probably  are  equivalent  in  age  to  the  great  area  of  eimilar  rocks  which  extends  through 
Quebec  to  the  Labrador  coast  The  limestones  and  paragneisses  attain  their  greatest 
development  in  eastern  Ontario.  In  the  Parry  Sound  district  the  only  cryetalline 
limestone  seen  waa  in  the  neighbourhood  of  Seguin  Falls.  Particularly  good 
exposures  occur  at  Healey  Falls  on  the  road  6  miles  north  of  Seguin  Falls  station. 
Grand  Trunk  railway.  This  is  typical  coarse  crystalline  limfcstone  containing  small 
crystals  of  pyroxene,  phlogopite,  and  graphite,  and  a^ipears  to  be  exactly  similar  to 
the  Qrenville  limestone  in  eastern  Ontario  and  Quebec. 

Throughout  the  area  enormous  quantities  of  pegmatite  occur  in  dykes  and 
intrusions  of  aU  shapes  and  sizes,  from  a  few  inches  to  100  feet  or  more  in  width  and 
1,000  feet  or  more  in  length.  The  majority  of  the  pegmatites  are  of  the  granite  type 
m  composition,  consisting  chiefly  of  potash  and  potash-soda  feldspar  and  quartz  with 
accessory  minerals  such  as  muscovite,  biotite,  hornblende,  garnet,  and  various  other 
minerals.    Syenite  pegmatites  occasionally   occur  as  at   Craigmont   and   north   of 

1  "Extraction  of  Radium  from  Olary  Ores."  by  S.  Radcliffe*  Jour.  Roy.  Soc.  of  N.S. 
Walei,  vol.  47.  1918. 
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Kingston.    In  general,  three  types  may  be  distinguished,  though  where  large  exposures 
are  available  these  structures  are  often  seen  to  grade  into  one  another. 

(1)  Segrresated  tsrpe:  feldspar  in  solid  crystalline  masses  often  several  feet  in  diameter 

with  the  quartz  also  in  large  pure  masses  and  often  moulded  on   large  crystal 
faces  of  the  feldspar. 

(2)  Graphic  tsrpe:  graphic  intergrowth  of  quartz  and  feldspar.     This  intergrowth  may  be 

fine  or  coarse. 

(3)  Granitoid  type:  in  which  the  feldspar  and  quartz  occur  as  individual  grains  though 

often  of  large  size.    This  appears  to  be  simply  very  coarsely  crystallized  granite. 

The  above  classification  has  been  adopted  as  furnishing  convenient  designations 
lipplical>le  without  qualification  to  most  of  the  pegmatite  exposures  met  with  in  the 
area  examined.  All  these  types  of  structure  may  sometimes  be  seen  in  one  dyke, 
however,  particularly  if  at  be  large  and  well  exposed. 

The  largest  dykes  encountered,  often  from  60  to  200  feet  wide  and  1,000  feet  or 
more  in  length,  are  as  a  rule  of  the  graphic  type  and  sometimes  contain  almost 
no  minerals  except  quartz  and  feldsi>ar.  At  other  times  much  scaly  white  or  black 
mica  is  present. 

The  smallest  dykes,  from  a  few  inches  to  a  few  feet  in  width,  are  most  often  of 
the  granitoid  type.  The  segregated  type  occupies  an  intermediate  position  ae  to  size. 
An  example  of  the  segregated  type  is  shown  on  Plate  II.  The  highest  grade  of 
crystal  pottery  spar  is  produced  from  dykes  of  the  segregated  type. 

From  observations  so  far  mftde  it  appears  that  uraninite  is  most  likely  to  be  found 
in  dykes  of  the  segregated  type,  whereas  complex  minerals  such  as  those  of  the 
euxenite  group,  niobates,  tantalates,  and  titanates  generally,  and  allanite,  seem  to  be 
most  at  home  in  the  graphic  or  granitoid  type  of  pegmatite. 

ECONOMIC  MINEKALS  OF  THE  DYEIES 

FELDSPAR 

The  pegmatite  dykes  of  Ontario  and  Quebec  constitirte  probably  the  greatest 
reserve  in  the  world  of  high-grade  potash  feldspar.  The  mining  of  feldspar  has  been 
for  years  a  modest  but  growing  industry  and  although  the  depression  of  the  last  two 
yef^T8  coupled  with  excessive  freight  rates  has  for  the  time  being  reduced  the  output, 
it  is  none  the  less  likely  to  become  an  important  and  stable  industry.  A  reduction 
in  railway  and  ocean  freight  rates  would  open  up  a  very  large  market  in  England 
and  the  Oontinent.  At  present  almost  all  our  feldspar  goes  to  the  United  States  in 
the  rough  state  and  is  ground  there.  Ground  Canadian  spar  is  even  shipped  back 
into  Canada.  In  many  cases  there  are  small  but  sufficiently  powerful  and  easily 
developed  waterfalls  near  enough  to  deposits  to  permit  of  grinding  the  feldspar  at 
very  low  cost.    Feldspar  as  mined  sells  for  $6  to  $9  a  ton  on  cars. 

MICA 

The  radium-bearing  pegmatites  contain  muscovite  and  biotite  but  not  phlogopite 
(amber  mica),  which  is  the  main  source  of  the  mica  industiy  of  Ontario  and  Quebec. 
White  mica  or  muscovite  has  been  mined  for  many  years  from  the  pegmatites 
of  the  area.  The  mica  is  usually  somewhat  dark  coloured  and  sometimes  shows  black 
spots.  These,  however,  are  said  not  to  affect  its  use  in  the  electrical  industry,  which 
takes  most  of  the  production.  Trimmed  mica  brings  50  cents  to  $10  a  pound  depend- 
ing on  fiize  of  sheets  and  quality.  Black  mica  has  within  the  last  year  become 
saleable  and  inquiries  for  considerable  quantities  have  been  received  from  the  United 
States.    The  price  offered  is  somewhat  lower  than  that  of  scrap  mica. 

The  white  massive  quartz  of  the  segregated  type  of  pegmatite  has  occasionally 
been  sold,  but  it  is  worth  only  about  $2  or  $3  a  ton  and  does  not  pay  to  ship.  In  many 
cases  this  type  of  quartz  is  of  remarkable  purity  and  should  be  suitable  for  fused 
silica  ware,  optical  glass,  or  wherever  an  extremely  pure  silica  is  required. 
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RADIOACTIVE  MINERALS 


These  minerals  contain  uranium  or  thorium  or  both  and  are  mostly  black  or 
brown  and  rather  heavy.  If  present  in  sufficient  quantity  they  would  constitute  a 
valuable  product.    The  most  important  ones  found  in  Ontario  deposits  are: 

Uraninite:  Contains  70  to  80  per  cent  uranium  oxide  besides  thorium,  lead,  and 
rare  earths. 

Euxeniie-poly erase:  May  contain  up  to  10  or  15  per  cent  of  uranium  oxide  with 
large  amounts  of  titanium,  tantalum,  columbium,  and  rare  earths.  A  little  thorium 
is  usually  present 

Various  other  complex  minerals  occur.  The  mineralogy  of  the  pegmatites  has 
not  yet  been  worked  out  in  detail,  but  is  in  progress.  Allanite,  a  silicate  of  aluminium, 
iron,  and  the  rare  earths,  occurs  in  many  of  the  dykes  and  in  some  cases  shows  con- 
siderable radioactivity,  which  is  probably  due  chiefifly  to  the  presence  of  thorium. 

It  may  be  well  to  mention  here  the  difference  between  uraninite  and  pitch- 
blende. The  latter  term  (has  been  i>opularly  applied  to  the  mineral  found  in  the 
Ontario  pegmatites,  but  is  not  strictly  correct.  Pitchblende  is  a  form  of  uranium 
oxide  which  is  never  found  crystallized  and  which  rarely,  if  ever,  carries  appreciable 
quantities  of  thorium  and  the  rare  earths.  It  occurs  in  metalliferous  deposits  such 
as  those  of  Joachimsthal,  Saxony,  and  Colorado.  Uraninite,  on  the  other  hand, 
occurs  as  well-formed  crystals  of  the  cubic  system,  contains  important  amounts  of 
thorium  and  the  rare  earths,  and  is  found  in  granite  pegmatite.  Thus,  though  both 
minerals  are  essentially  uranium  oxide  they  are  distinct  in  geological  occurrence, 
composition,  and  to  a  certain  extent,  in  physical  properties. 

If  the  rare  minerals  were  to  be  separated  from  the  feldspar  and  quartz  by  jigs 
or  tables  in  all  cases  the  resulting  concentrates  would  contain  several  minerals,  some 
of  which  would  probably  require  a  bisulfate  fusion  method  of  treatment  such  as  used 
in  the  case  of  the  Olary  ores  for  extracting  the  radium  or  mesothorium.  It  would 
be  impossible  to  produce  pure  radium  from  these  minerals,  as  owing  to  the  presence 
of  thorium  in  the  uraninite  and  other  minerals  the  refined  product  would  contain  a 
certain  amount  of  mesothorium.  This,  however,  would  not  be  objectionable. for  most 
uses. 

Uranium,  thorium,  tantalum,  columbium,  titanium,  and  rare  earth  compoimds 
could  be  obtained  in  some  cases  from  such  concentrates,  often  constituting  valuable 
by-products. 

It  is  impossible  to  say  what  price  such  a  concentrate  would  bring,  as  there  is 
none  in  the  market,  but  some  idea  of  the  probable  price  may  be  obtained  from  the 
following  quotation: 

Camotite  ore,^  per  poimd  of  UaOs — $1.25  to  $1.75. 

According  to  this  quotation  camotite  ore  carrying  1  per  cent  UaOs  would  be  worth  $25  to 
$35  per  ton  of  2,000  pounds.  A  concentrate  carrying  a  higher  percentage  of  UsOs 
would  be  worth  relatively  more  per  pound  of  UaOs  than  an  ore  carrying  only  0-5  to 
2  per  cent  A  rich  uraninite  concentrate  carrying  25  to  50  per  cent  UaOs  should  bring 
say  $5  per  pound  of  contained  UaOs  as  the  refining  costs  on  such  a  material  would  be 
much  reduced. 

INDICATIONS    USEFUL   IN    SEARCHINti    FOR   RADIOACTIVE    MINERALS    IN    PEGMATITES 

Kadioactive  minerals  themselves  are  rarely  if  ever  seen  on  weathered  surfaces  and 
can  only  be  found  by  opening  up  the  rock.  The  deep  red  colour  shown  by  feldspar  in 
the  neighbourhood  of  such  minerals,  is,  however,  an  almost  infallible  guide,  which 
once  seen  is  little  likely  to  be  mistaken  for  somewhat  similar  colours  due  to  oxidation 
products  of  iron  or  manganese.    Radioactive  minerals  do  not  attract  a  compass  needle 

1  Cherii.  and  Met  Eng.,  March  8,  1922. 
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and  can  thus  be  distinguished  from  magnetite  or  ibnenite,  with  which  they  might 
otherwise  be  confused  in  the  field. 

Another  very  characteristic  indication  is  the  presence  of  small  cracks  or  fractures 
in  the  rock  radiating  from  the  mineral  in  aU  directions.  These  radiating  fractures 
occur  in  feldspar,  quartz,  or  mica  surrounding  radioactive  minerals  and  are  apparently 
caused  by  pressure  which  the  mineral  has  exerted  outwardly,  due  possibly  to  increase 
of  volume  resulting  from  internal  radioactive  changes.  Such  cracks  are  best  seen 
in  quartz.  In  mica  they  may  take  the  form  of  six-rayed  pressure  figures.  Finally, 
a  small  amount  of  pale  yellow  "bloom"  or  decomposition  product  may  sometimes 
occur  in  the  neighbourhood  of  the  minerals,  on  fractures,  etc. 

The  electroscope  furnishes  the  most  convenient  test  for  radioactive  minerals.  It 
is  unnecessary,  however,  for  prospectors  to  purchase  an  instrument,  since  the  services 
of  the  Provincial  and  Federal  Mines  Departments  are  always  at  their  disposaL  An 
ounce  or  less  of  material  is  sufiicient  for  the  test 


PARBT  BOUND  0C0URREN0E8 

Uraninite  was  discovered  near  Parry  Sound,  Ontario,  in  February,  1921,  by  James 
Robinson.  The  claims  are  now  jointly  held  by  H.  F.  McQuire  and  the  Robinson 
brothers,  all  of  Parry  Sound.     Other  claims  have  since  been  located. 

The  McQuire-Robinson  claims  are  included  in  the  block  comprised  by  lots  6  to 
10,  concessions  IX  and  X,  Conger  township.  Parry  Sound  district.  This  block  lies 
between  Blackstone  lake  and  the  Toronto-Sudbury  line  of  the  Canadian  Pacific  rail- 
way. The  claims  may  be  reached  by  a  trail  from  Brignall  flag  station  on  the  above 
line  (12-8  miles  southeast  of  Parry  <Sound)  or  by  an  old,  partly  overgrown  settlers' 
road  which  starts  in  concession  IX  from  the  main  road  on  the  townriiip  line  between 
Conger  and  Humphrey,  and  runs  westward  to  Blackstone  lake.  None  of  the  claims 
is  more  than  a  mile  in  a  direct  line  from  the  railway  (Figure  4). 

The  area  is  rocky,  with  numerous  low  hummocks  or  hills  mostly  less  than  100 
feet  high.  It  is  covered  with  thick  small  growith  and  some  scattered  hardwood.  The 
drainage  is  towards  Blackstone  lake.  The  elevation  is  from  800  to  900  feet.  There 
are  no  farms  or  clearings  in  the  block. 

The  rocks  are  ancient  Precambrian  crystalline  schists  and  gneissic  eruptives 
probably  of  the  same  age  as  those  of  the  Hastings-OrenviUe  areas  to  the  east.  The 
larger  hills  are  often  mainly  granite,  whereas  hornblende  schists  predominate  in  the 
valleys  or  lower  ground.  Masses  of  basic  eruptive  rock  such  as  gabbro  or  norite  also 
occur.  Oranite-pegmatite  is  abundant,  forming  dykes  which  are  seen  most  often 
intruding  the  hornblende  schists.  The  pegmatite  dykes  are  found  more  often  around 
the  edges  of  the  gn^anite  masses  than  in  the  masses  themselves.  Uraninite  has  been 
foimd  only  in  the  pegmatites,  which  represent  the  final  products  formed  on  the 
cooling  of  the  granite  masses. 

It  should  be  noted  that  this  occurrence  of  radium-bearing  minerals,  as  well  as 
all  others  in  Ontario,  is  of  an  entirely  different  type,  both  geologically  and  mineral- 
ogically,  from  the  camotite  deposits  now  being  worked  in  Colorado.  The  Colorado 
ore  is  a  friable  sandstone,  a  sedimentary  rock,  of  Jurassic  age,  very  much  younger 
than  the  Ontario  pegmatites,  which  has  been  more  or  less  impregnated  with  the 
uranium-bearing  mineral  camotite.  Pure  camotite  is  a  powdery  yellow  substance 
containing  up  to  66  per  cent  uranium  oxide  besides  vanadium  and  other  elements. 
The  camotite  ore  as  mined  runs  from  1  per  cent  to  8  per  cent  uranium  oxide  accord- 
ing to  some  writers,  but  as  it  has  been  stated  that  600  tons  or  more  of  the  ore  is 
required  to  produce  one  gram  of  radium,  it  would  follow  that  the  average  tenor  of 
the  ore  is  probably  somewhat  less  than  1  per  cent  uranium  oxide. 

In  the  case  of  the  Conger  Township  occurrences  the  mother  rock  is  of  a  very  much 
older  geological  period,  and  has  been  produced  by  the  cooling  of  masses  of  molten 
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granite.  The  radium-bearing  mineral  is  uraninite  carrying  up  to  80  per  cent  uranium 
oxide.  It  is,  therefore,  richer  in  radium  than  the  camotite,  since  the  radium  content 
is  proportional  to  the  uranium  present. 

The  granite  of  the  area  is  noteworthy  for  the  presence  of  numerous  small 
manganese  garnets,  similar  to  those  which  occur  in  larger  sizes  in  many  of  the 
pegmatite  dykes.  The  granite  is  somewhat  gneissoid,  but,  on  the  whole,  is  remark- 
ably uniform  in  texture,  and  of  a  rather  pleasing  pinkish  colour  which  is  due  partly 
to  the  oxidation  of  the  garnets.  It  shoi^d  make  a  good  building  stone,  as  very  large 
blocks  of  uniform  texture  and  colour  could  be  obtained  in  certain  localities*  An 
analysis  of  a  large  composite  sample  from  three  different  ridges  yielded  results  as 
below: 

Per  cent  Per  cent 

SIO2 74-22    Na20 3  38 

AI2O3 12  79    P2O6 0  01 

FezOs 117         S 0  01 

FeO 0  97  H2O  +  IIOOC 0  33 

MnO Oil         H2O-n0OC 0  18 

V^:: :: :: :: :: v. :: v.:: :: ::   !:il    ^:r\ -t o^t^t.* 


MgO 0  38 

K2O 4  99  99  95 

The  garnet  granite  is  thus  a  typical  granite  with  no  special  component  except 
spessartite  garnets.  The  connexion  of  the  uraninite-bearing  pegmatites  of  the  district 
with  this  particular  granite  is  well  established  by  the  occurrence  of  the  same  garnets  in 
larger  sizes  in  the  pegmatites  themselves.  Strangely  enough,  there  appear  to  be  dmost 
no  garnet  paragneisses  in  the  immediate  neighbourhood. 

Minerals  of  the  Dykes.  The  pegmatitic  dykes  consist  chiefly  of  pink  to  red  potash 
feldspar  with  from  25  per  cent  to  50  per  cent  of  quartz.  The  quartz  is  of  two  varie- 
ties: (1)  white  and  massive — usually  very  pure;  (2)  smoky  and  granular  and  mixed 
with  feldspar,  mica,  etc.  Both  biotite  (black)  and  muscovite  (light)  mica  are  found 
in  large  books  in  certain  of  the  dykes.  Uraninite  occurs  as  isometric  crystals  or 
rounded  grains,  varying  from  i  inch  to  1  inch,  but  mostly  }  inch  or  less  in  diameter. 
The  usual  crystal  form  is  a  combination  of  the  cube  and  octahedron.  It  is  foimd  most 
often  and  most  abimdantly  in  intimate  association  with  small  white  mica  in  a  granular 
mixture  of  deep  red  feldspar  and  smoky  quartz.  It  occurs  lees  commonly  alone  in 
the  feldspar  and  rarely  in  the  massive  white  quartz  of  the  pegmatites.  The  feldspar 
around  the  uraninite  crystals  is  a  deep  red,  noticeably  darker  than  where  uraninite 
is  absent.  This  coloration  of  the  feldspar  is  very  characteristic,  and  imiwrtant  as  an 
indication  of  the  presence  of  radioactive  minerals. 

lied  garnets  of  the  manganese  variety,  spessartite,  occur  in  some  of  the  dykes, 
and  a  brownish,  altered  mineral  in  long  crystals,  sometimes  several  inches  long,  which 
qualitative  tests  indicated  to  be  allanite.  The  allanite  is  somewhat  radioactive  and 
probably  carries  some  thorium  and  uranium.  One  or  more  other  rare  minerals  are 
also  present^  but  the  uraninite  is  the  one  of  chief  commercial  interest  From  several 
oimces  of  uraninite  presented  by  Mr.  McQuire,  a  representative  sample  for  analysis 
was  prepared  by  selecting  apparently  imaltered  pieces  from  about  thirty  crystals  or 
'  nuggets '.  The  uranium  figures  for  such  a  sample  will,  of  course,  be  higher  than  the 
general  average,  which  should  include  the  more  or  less  altered  uraninite.  As,  how- 
ever, it  was  desirable  to  oibtain  results  wliich  could  be  used  for  determining  the 
uranium-lead  ratio,  only  the  best  pieces  were  selected.  The  analysis,  which  was  con- 
ducted in  duplicate  with  every  precaution,  yielded  results  as  below: 

Per  cent 

Uranous  oxide — UO2 53-63 

Uranic  oxide— UOa 26  32 

Lead  oxide— PbO 11-67 

Thorium  oxide — Th02 3-22 

Yttrium  group  oxides 219 

Cerium  irroup  oxides 0-98 
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Pe:  cent 

Calcium  oxide — CaO 0-41 

Iron  oxide — ^Pe203 )  0  17 

Aluminum    oxide — ^A^Os ) 

Manganese  oxide — MnO present,   less   than       0  01 

Silica— Si02 0  29 

Water— H2O 0  72 

Insoluble 0  13 

Magnesium   oxide 

Zirconium    oxide 

Bismuth   oxide 

Potassium  oxide 

Sodium    oxide 

Specinc  gravity  9  116  at  17-430C. 

The  helium  has  not  yet  been  accurately  determined,  but  it  is  present  iri  large 

amount.     The  total  uranium  element  present  is  69-19  per  cent  and  l^d  10'83  per 

cent.    Ueinp:  the  latest  data  very  kindly  supplied  the  writer  by  Sir  Ernest  Rutherford 

"Ph 

the  age  of  the  uraninite  works  out  as  follows :,-= — ^  qq  rryC.  ~  ^'^^  ^  ^^^^  ^* 

(.u  +  0.00  in; 

where  t=  the  time  in  years.    Inserting  the'figures  for  lead,  uranium,  and  thorium  we 

obtain:  0-154=  1-21  x  10-^®  x  t  or  t;=  1,272,000,000  years.     The  age  of  the  granite 

i6  thus  indicated  to  be  1,272,000,000  years  and  the  series  of  rocks  intruded  by  the 

granite  is,  of  course,  still  older. 

An  interesting  feature  is  the  occurrence  of  a  material  resembling  anthraxolitc 
in  association  with  the  uraninite.  This  is  a  lufltrous  4>lack  substance  consisting  chiefly 
of  fixed  carbon,  which  burns  apparently  without  giving  off  any  volatile  hydrocarbon 
and  leaves  a  small  amount  of  blackish  residue.  The  residue  is  rich  in  uranium.  The 
occurrence  of  this  ca]4)onaceous  material  may  have  an  important  bearing  on  the  origin 
of  uraninite. 

Feldspar  of  excellent  pottery  grade  occurs  in  several  of  the  dykes  and  the  graphic 
type  of  material  consisting  of  an  intergrowth  of  quartz  and  feldspar  occurs  in  very 
large  bodies  hundreds  of  feet  in  length. 

Large  sheets  of  white  mica  could  be  obtained  from  certain  of  the  dykes  and  would 
be  a  valua'ble  product  The  mica  is  of  excellent  quality  except  for  the  rather  common 
occurrence  of  black  spots,  which,  however,  probably  would  not  be  objectionable  for 
many  electrical  usee.  In  most  cases  these  i>lack  spots  seem  to  be  minute  and  extremely 
thin  included  crystals  of  black  mica,  which  probably  do  not  appreciably  affect  the 
insulating  qualities  of  the  muscovite.  Perfectly  clear  large  sheets  have  been  obtained, 
however,  and  these  would  sell  for  high  prices.  Black  mica  occurs  in  several  of  the 
dykes  and  is  now  saleable  at  about  the  price  of  scrap  mica.         * 

The  best  showing  of  uraninite  is  in  the  dyke  on  the  line  between  lots  9  and  10, 
concession  JX,  near  a  bay  of  Blackstone  lake  (Plate  I).  The  dyke  is  exposed  on  the 
side  of  a  hill  for  a  length  of  70  feet.  Its  width  over  the  rounded  side  is  50  to  60 
feet,  but  the  true  width  is  not  ascertainable  as  the  dip  or  inclination  is  not  known. 
It  rises  to  a  vertical  height  of  perhaps  40  feet  above  a  ewampy  creek  gully.  Nearly 
one-half  of  the  exposed  surface  consists  of  massive  white  quartz,  with  a  small  amount 
of  pink  spar.  The  other  half  consists  of  mixed,  smoky  quartz,  pink  to  red  feldspar, 
and  small  white  and  black  mica.  Uraninite  occurs  as  scattered  grains  chiefly  in  this 
area  at  or  near  the  contact  of  this  area  with  the  massive  quartz,  particularly  in  asso- 
ciation with  stringers  of  small  mica  books.  In  August,  1921,  several  shots  had  been 
put  in  over  the  face  and  one  pocket  included  within  an  area  2  feet  square  showed  very 
abundant  grains  and  crystals  of  uraninite  from  i  to  ^  inch  diameter  set  in  irregularly 
packed  small  white  mica.  This  area  would  certainly  make  very  rich  ore  and  if  such 
pockets  could  be  found  with  sufficient  frequency  they  would  serve  to  enrich  much  of 
the  poorer  rock. 

Large  sheets  of  white  mica  have  been  taken  from  this  dyke  and  probably  more 
might  be  oibtained. 

Six  other  dykes  have  been  to  some  extent  opened  up  and  show  scattered  small 
grains  of  radioactive  mineral,  probably  uraninite.  >Some  of  these  dykes  carry  a  very 
good  grade  of  feldspar,  and  might  be  worth  working  for  spar,  bearing  in  mind  the 
chance  of  striking  rich  pockets  of  uraninite. 
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It  is  difficult  to  estimate  in  the  abeence  of  large-scale  sampling  ^ow  mudi  ore  of 
commercial  grade  could  Be  produced,  but  a  rough  idea  may  be  obtained  by  detexmining 
what  area  of  uranindte  ntust  be  visile  on  exposed  faces  of  the  rock,  in  order  to  g^ve 
ore  of  any  determined  percentage. 

Taking  the  average  specific  grayity  of  the  rock  as  2*6  and  of  the  uraninite  as  8-86 
and  the  average  TJ,Og  content  of  the  uraninite  as  80  per  cent  we  arrive  at  tiie  result 
that  in  order  to  have  say  0*5  per  cent  1J,0g  ore,  each  cubic  foot  of  rock  must  contain 
on  the  average  1  pound  or  8*1  cubic  inches  of  uraninite.  If  then  the  uraninite  were 
uniformly  distributed  throughout  a  ciibic  foot  of  rode  cut  into  forty-eight  imaginary 
slices  each  i  inch  thick  and  1  foot  square  each  slice  would  contain  on  an  average, 
8  cubes  of  uraninite  each  i  inch  on  the  side.  We  thus  obtain  some  idea  as  to  the 
amount  of  uraninite  that  should  be  visible  on  rock  faces  for  any  grade  of  ore.  Similar 
rough  calculations  may  be  ajyplied  for  euzenite  and  other  minerals. 

Other  claims  examined  are  those  of  Dr.  Milton  Armstrong,  Parry  Sound,  on  lot 
6,  concession  X,  Ck>nger  township;  0.  0.  Oalverly  of  Parry  Sound,  lot  5,  concession 
Vll,  Conger  township,  and  the  farm  of  Hoses  Smith,  south  of  Parry  Sound.  Little 
work  had  been  done  on  these,  but  some  scattered  grains  of  radioactnve  minerals  were 
visible. 

Seguin  FaUs.  Two  days  were  spent  in  the  neighbourhood,  and  dykes  containing 
allanite  discovered  by  D.  Hall  and  A.  MacKinnon  were  examined.  As  no  mines 
were  in  operation  only  a  short  time  was  spent  in  the  locality. 

BUTT    TOWNSHIP    OCX)URRENCES 

Butt  township,  Nipissing  district,  is  reached  by  a  road  from  Kearney,  on  the 
Grand  Trunk  railway,  6  miles  east  of  Scotia  junction.  The  area  is  just  west  of  the 
western  boundary  of  Algonquin  park.  The  road  can  be  traversed  by  automobile  as 
far  as  the  Fish  shacks  on  Maganaiawan  river  (lot  28,  concession  YI,  Proudfoot). 
From  there  a  winter  log  road  leads  to  what  is  called  No.  2  camp,  an  old  logging  camp 
on  lot  1,  concession  VI,  Butt  township.  From  No.  2  camp  trails  have  been  made  to 
the  various  claims.  Although  the  claims  are  by  the  existing  road  20  to  25  miles 
from  the  railway,  it  is  believed  that  a  shoi^  cut  nearly  due  south  is  practicc^le  and 
would  reduce  the  distance  to  6  or  8  miles. 

The  country  is  rough  and  hilly.  The  elevation  of  the  highest  hilk  in  Butt  is 
about  1,600  feet  abov^  sea-level,  and  the  hills  may  be  as  much  as  300  feet  above  the 
valleys.  There  ds  a  heavy  covering  of  yellowish  glacial  sand,  so  that  rode  exposures 
are  rarely  seen  except  on  the  steep  sides  of  hills.  The  forest  consists  of  heavy  second 
growth  with  considerable  good  hardwood,  particularly  birch,  in  places.  The  sand 
and  second  growth  make  prospecting  difficult,  and  the  claims  even  as  so  far  developed 
represent  a  great  deal  of  hard  work. 

Essentially  the  same  series  of  rocks  occur  as  at  Parry  Sound,  as  far  as  can  be 
judged  from  the  few  exiwsures.  Garnetiferous  granite  like  that  at  Parry  Sound  was 
observed  at  several  places.  Biotite  and  hornblende  gneisses,  often  garnetiferous,  are 
common  and  one  or  two  small  exposures  of  quartzite  were  seen.  The  general  trend  of 
the  rocks  is  northeast-southwest  A  majority  of  the  pegmatite  dykes  strike  from  20 
degrees  to  90  degrees  east  of  magnetic  north  and  often  dip  to  the  northwest.  Dykes 
of  the  segregated  type  are  common  and  sometimes  are  remarkably  regular  and  veinlike 
in  outcrops  (Plate  II),  though  when  such  dykes  can  be  seen  in  any  degree  of  com- 
pleteness in  two  dimensions  they  prove  to  be  really  lens-shaped.  The  dykes  are  largest 
and  best  developed  when  they  intrude  nmca  or  hornblende  gneisses.  Those  which 
occur  in  granitic  gneisses  are  moaitly  small,  often  not  more  than  a  foot  wide.  Basic 
irruptives,  sometimes  giving  rise  to  small  deposits  of  pyrite  and  pyrrhotite,  occur.  A 
few  miles  east  of  Burks  Falls  a  shaft  was  sunk  and  nickeliferous  pyrrhotite  was 
mined  about  twenty  years  ago.  No  crystalline  limestone  or  indications  of  its  presence 
were  seen  in  this  area. 
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Wm.  EUioti  Claim,  The  first  uraninite  discoYered  in  Ontario  came  from  the 
mica  mine  of  Wm.  Elliott^  situated  on  the  south  half  of  lot  13,  concesaion  VII,  Butt 
township.  The  occurrenoe  has  been  well  described  by  C.  W.  Knight  of  the  Ontarii 
Bureau  of  JCnes^  and  there  ie  nothing  to  add  to  his  description.  At  the  time  of 
the  present  writer's  yisit  the  dyke  was  exposed  for  a  length  of  90  feet  and  is  probably 
about  10  feet  wide.  The  strike  iff  north  30  degrees  eaat  magneitic  and  the  dip  is 
uncertain.  The  dyke  is  a  granite  pegmatite  of  the  segregated  type  carrying  a 
considerable  quantity  of  white  mica.  Masses  of  white  quartz  and  pink  feldspar  occur 
up  to  3  feet  in  diameter.  The  spar  mbetly  carries  white  mtlca.  In  addition  there 
are  areas  of  a  granular  mixture  of  deep  red  spar,  smoky  quartz,  and  small  books  of 
white  mica  just  as  in  the  uraninite  dykes  at  Parry  Sound.  In  this  mixture  small 
brownish  allanite  (t)  crystals  are  fairly  conmion  and  scattered  grains  of  uraninite 
up  to  i  inch  in  diameter  were  seen.  Some  of  these  were  collected.  The  uraninite 
sometimes  occurs  also  in  the  more  massive  feldspar.  Books  of  dark-coloured 
muscovite  up  to  5  and  6  inches  diameter  occur  plentifully  in  the  feldspathic  areas. 
The  mine  was  originally  opened  and  worked  for  mica. 

BuUocJc  Claim.  North  half  lot  11,  concession  VI,  Butt  township,  owned  by  Mr. 
Bullock,  of  Chicago. 

The  dyke  was  opened  for  mica,  and  some  good  large  books  are  said  to  have  been 
obtained.  The  opening  is  a  cut  aboiit  12  feet  in  diameter  and  12  feet  deep  at  the 
back,  in  pegmatite  on  the  side  of  a  hill.  The  dyke  consists  almost  wholly  of  large 
solid  masses  of  white  quartz  and  pink  potash  spar  with  perhaps  10  per  cent  of 
the  mixture  of  granular  smoky  quartz,  red  feldspar,  and  white  mica.  Bed  manganese 
garnets  up  to  an  inch  in  diameter,  and  ilmenite,  are  common.  The  garnets  are 
particularly  abundant  in  the  granular  mixture,  but  may  occasionally  be  seen  in  both 
the  massive  white  quartz  and  spar  areas.  There  is  little  or  no  evidence  of  the 
presence  of  radioactive  minerals.  On  the  hill  north  of  the  cut  there  are  some  small 
rock  exposures  of  the  garnet-granite  type.  Other  openings  on  the  Bullock  claims  are 
not  promising  for  radioactive  minerals. 

Mining  Corporation  Claims.  North  half  of  lot  14,  concession  Vll,  and  south 
half  of  lot  14,  concession  VUI,  Butt. 

Shortly  after  the  discovery  of  uraninite  on  the  Elliott  claim,  the  Mining  Cor- 
poration of  Cobalt  became  interested  in  the  district,  took  up  several  claims,  and  did 
considerable  trenching  apparently  in  the  hope  of  finding  a  narrow  vein  in  which  the 
uranium  values  might  be  more  concentrated,  as  in  some,  of  the  Colorado  pitchblende 
veins.  Th^  uncovered  a  pegmatite  vein  about  350  feet  long  varying  in  width  from 
2  inches  to  a  foot,  and  averaging  8  inches,  which  is  remarkable  for  its  regularity  in 
length  and  width.  Though  vein-like  in  form  it  has  a  typical  pegmatite  filling  con 
sisting  of  feldspar  and  smoky  quartz  in  about  equal  amounts  with  a  little  scaly  black 
and  white  mica,  and  rather  abundant  garnets  and  ilmenite.  No  openings  were  made 
in  the  vein,  but  it  was  stripped  along  almost  its  full  length.  There  are  in  places 
some  slight  indications  of  the  presence  of  radioactive  minerals  in  the  way  of  red 
coloration,  but  none  were  actually  seen.  Coming  up  the  hill  from  the  west  large 
exposures  of  typical  garnet-granite  are  seen  not  far  from  this  vein. 

A.  E.  Trafford,  Sundridge,  Ont,,  Claim.  South  half  lot  11,  concession  Vll, 
Butt. 

The  dyke  is  8  to  10  feet  wide  and  70  feet  long  striking  north  15  degrees  east 
magnetic.  Openings  show  medium  to  coarse-grained  spar  and  quartz  with  much 
black  mica.  No  smoky  quartz  is  present.  Some  small  brown  crystals,  probably 
allanite,  and  some  indications  of  radioactive  minerals  were  seen. 

A.  E.  Trafford  Claim.    North  half  lot  10,  concession  VH,  Butt 
This  is  a  dyke  18  inches  to  2  feet  thick  lying  on  coarse  foliated  hornblende  gneiss 
on  the  side  of  a  hill,  dipping  at  about  45  degrees  to  the  northwest  under  drift,  and 

1  Knight.  C.  W..  Can.  Min.  Jour..  Oct.  14.  1919. 
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exposed  by  stripping  for  40  to  60  feet  up  the  hill.  The  exposed  surface  is  really  the 
wall  of  the  dyke  smoothly  glaciated.  The  pegmatite  is  a  mixture  of  medium-grain 
pink  to  red  feldspar  and  quartz  with  white  and  black  mica  in  books  up  to  3  or  4 
inches  diameter.  There  is  some  of  the  granular  smoky  quartz,  deep  red  spar,  and 
small  mica  mixture.  Some  scattered  grains  of  radioactive  mineral  up  to  i  inch 
diameter  were  seen. 

Frank  Watson,  Kearney,  Claim.    North  half  lot  10,  concession  VI,  Butt. 
A  small  stripping  shows  dykes  12  to  24  inches  wide  of  pink  spar,  quartz,  and 
small  black  mica.    Some  small  brown  crystals,  probably  allanite,  were  seen. 

F.  H,  Armstrong,  Kearney,  Claim.    South  half  lot  8,  concession  IX,  Butt. 

A  ^tripping  shows  pegmatite  8  to  4  feet  wide  and  40  feet  long  striking  due  east 
and  west,  magnetic.  The  dyke  is  of  the  segregated  tyi)e  with  1  foot  to  18  inches  of 
massive  white  quartz  in  the  middle  and  pink  potash  spar  at  the  sides.  Books  of 
altered  chloritic  biotite  up  to  2  inches  diameter  occur  in  the  spar.  Magnetite  or 
ilmenite  and  a  few  small  brownish  crystals  up  to  an  inch  long,  probably  allanite, 
occur.    No  white  mica  or  garnets,  and  only  a  little  smoky  quartz,  were  seen. 

C.  W.  Beaton,  Kearney,  Claim.    South  half  lot  7,  concession  IX,  Butt. 

A  stripping  shows  a  dyke  1  to  2  feet  wide,  exposed  for  15  feet,  striking  east  and 
west  magnetic.  A  pit  8  feet  long,  4  feet  wide,  and  8  feet  deep  has  been  sunk  exposing 
light  to  pink  spar  with  about  one-third  quartz  and  a  little  altered  biotite.  Ilmenite, 
a  few  small  crystals,  probably  of  allanite,  and  a  little  titanite  were  seen.  No  white 
mica,  little  or  no  smoky  quartz,  and  but  little  deep  red  spar  were  seen. 

R.  O.  Armstrong,  Kearney,  Claim.    South  half  lot  7,  concession  X,  Butt. 

A  stripping  on  the  west  side  of  a  hill  shows  three  x>egmatite  dykes  from  1  to  3 
feet  wide  converging  at  the  bottom  and  exi>osed  for  20  to  50  feet  up  the  hillside. 
The  pegmatite  consists  of  pink  potash  spar  and  white  quartz  with  a  little  black  mica. 
Some  small  black  crystals  of  a  pitchy  lustre  surrounded  by  dark  red  spar  were  seen. 

Napoleon  Dault  Claim.    North  half  of  lot  4,  concession  VI,  Butt. 

This  interesting  lens-shaped  dyke,  shown  on  Figure  5,  exhibits  on  a  small  scale 
what  apx>ears  to  be  the  characteristic  form  of  the  dykes  in  this  district  if  complete 
sections  were  available.  It  strikes  due  north  and  south  magnetic,  is  about  6  feet 
wide  at  the  thickest  part  in  the  middle,  and  tapers  rapidly  to  nothing  at  both  ends, 
the  total  length  being  100  feet.    There  is  a  lens  of  white  massive  quartz  18  inches 


y  auartz 
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Figure  5.     Diafiram  showingr  dyke  on  claim  of  Napoleon  Dault. 

wide  in  the  middle  of  the  widest  part.  The  pegmatite  is  largely  fairly  coarse  pink 
potash  spar  with  some  soda  lime  spar.  Some  smoky  quartz  and  a  little  black  mica 
up  to  3  inches  diameter  occur  and  masses  of  magnetite  or  ilmenite  up  to  3  or  4  inches 
in  diameter  may  be  seen  in  the  thickest  part.  Ked  garnets  are  abundant  in  places. 
Some  brownish  crystals,  probably  allanite,  up  to  1  inch  long,  were  seen,  and  in  some 
parts  a  little  deep  red  feldspar. 

John  Ryan,  Kearney,  Claim.    South  half  lot  6,  concession  VI,  Butt 

A  stripping  shows  a  dyke  3  feet  wide  dipping  40  degrees  to  the  northeast,  con- 

sifiting  of  about  80  per  cent  pink  i)otash  spar  mixed  with  white  and  smoky  quartz. 

Scattered  grains  of  radioactive  mineral  occur.    Another  dyke  on  the  same  claim  is 

1  foot  to  18  inches  wide  and  the  wall  is  exposed  by  stripping  as  a  flat  surface  about 
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80  feet  up  the  hillside.  It  consists  of  about  80  per  cent  deep  red  spar  with  some 
smoky  quartz  and  a  little  scaly  black  and  white  mica.  Nuggets  of  radioactive  mineral 
up  to  i  inch  diameter  were  quite  abundant  in  one  place  where  it  had  been  opened  up. 
Claim  lot  7,  concession  VI.  A  dyke  4  to  10  feet  wide  on  this  claim  consists 
chiefly  of  pink  spar  with  some  white  and  smoky  quartz  and  black  mica.  There  is 
some  evidence  of  the  presence  of  radioactive  minerals  in  the  deep  red  spar  and  Mr. 
Kyan  states  that  some  grains  of  radioactive  minerals  have  been  found  here. 

W.  H.  Ryan,  B.  A.  Marm,  and  D,  J.  Sheehan  of  Kearney,  Claims.     Lots  1,   2,   2, 
concession  VI,  Butt. 

Traversing  these  claims  in  a  nearly  east  and  west  direction  is  a  large  dyke  which 
is  better  exposed  and  more  opened  up  than  any  others  examined  in  the  district  and 
will,  therefore,  ibe  described  in  more  detail.  Its  western  extremity  may  be  seen  in 
vertical  section  exposed  on  an  almost  perpendicular  hillside  40  or  50  feet  high  on  lot 
1.  It  here  dips  at  35  degrees  to  the  north  and  cuts  through  foliated  micaceous 
^eiss  which  strikes  about  due  north  and  south.  The  dyke  is  2  feet  wide  at  the  bottom 
of  the  hill,  the  width  gradually  increasing  toward  the  top  where  it  is  8  feet  wide.  It 
consists  there  of  a  coarse  granular  mixture  of  about  75  per  cent  reddish  potash  spar 
and  quartz.  A  small  amount  of  black  mica  in  books  up  to  8  inches  across,  and  a  little 
smoky  quartz,  are  present.  No  radioactive  minerals  other  than  small  brownish  allanite 
crystals  were  seen  here.  Three  hundred  feet  east  of  this  outcrop  a  stripping  40  feet 
long  shows  the  dyke  to  be  6  feet  wide  and  much  coarser  in  texture.  It  contains 
masses  of  white  quartz  2  or  8  feet  in  diameter  which  have  a  tendency  to  occur  in  the 
middle  of  the  dyke  with  the  spar  similarly  s^regated  at  Ihe  sides.  Black  mica  and 
some  brownish  allanite  crystals  occur  here  also  and  the  owners  state  that  a  few  grains 
of  other  radioactive  minerals  were  obtained.  Four  hundred  feet  farther  east  (lot  2) 
on  top  of  the  hill — ^which  rises  800  feet  above  the  vall^ — another  stripping  exposes  the 
dyke  for  80  feet.  It  is  here  6  to  7  feet  wide  and  the  quartz  and  spar  are  almost 
completely  segregated.  Masses  of  white  quartz  up  to  2  feet  wide  fringed  with 
patches  of  smoky  quartz  occupy  the  middle  of  the  dyke  with  large  crystals  of  spar 
which  occasionally  extend  from  side  to  side.  The  spar  contains  a  little  intergrown 
quartz  and  some  black  mica.  A  pit  15  feet  long  and  10  feet  deep  at  the  eastern 
end  of  the  stripping  shows  that  the  dip  is  still  85  degrees  to  the  north.  Allanite 
and  other  radioactive  minerals  occur;  the  allanite  chiefly  at  the  edge  of  the  dyke  next 
the  country  rock,  and  other  minerals  at  the  contact  of  the  smoky  quartz  and  spar  in 
the  middle  of  the  dyke.  Two  hundred  feet  east  of  this  last  outcrop,  and  still  far  up 
i;he  hill,  the  dyke  is  again  exposed  for  50  feet  It  is  here  about  10  feet  wide.  A  pit 
10  feet  diameter  and  15  feet  deep  has  been  sunk  at  the  east  end  of  the  stripping. 
•Segregation  of  the  spar  and  quartz  is  almost  complete,  the  quartz  occurring  in  the 
middle  in  solid  pure  white  masses,  the  spar  on  both  sides  and  sometimes  extending 
completely  across  the  dyke  and  cutting  off  the  quartz  masses.  The  quartz  is  often 
moulded  on  large  crystal  faces  of  spar  a  foot  or  more  across.  Eadioactive  minerals 
are  more  abundant  here  than  at  any  of  the  outcrops  previously  noted  and  the  brown, 
waxy  allanite  crystals  here  attain  their  greatest  size.  They  are  as  much  as  1}  inches 
wide  and  8  to  10  inches  long  and  occur  as  usual  in  the  spar  next  the  walls.  Smoky 
quartz,  black  mica  up  to  8  inches  diameter,  pyrite,  a  little  chalcopyrite,  and  a  few 
garnets  occur. 

About  17  or  18  chains  east  of  this  outcrop  the  dyke  is  again  exposed  by  stripping 
for  about  100  feet  This  is  on  lot  3.  The  dyke  here  has  a  very  uniform  widUi  of 
about  15  feet  and  is  remarkable  for  its  regular  vein-like  structure.  The  pure  white 
quartz  occurs  as  an  uninterrupted  band  5  to  7  feet  wide  in  the  middle  with  the  spar 
equally  developed  on  both  sides  (Plate  11). 

A  pit  10  feet  square  and  15  feet  deep  shows  that  the  dyke  still  dips  to  the  north 
and  becomes  narrower  as  it  goes  down.  Nuggets  of  radioactive  minerals  up  to  an 
inch  in  diameter,  seen  in  the  walb  of  the  pit,  are  mostly  associated  with  small  white 
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mica  in  the  spar,  but  also  occur  in  solid  spar  and  in  solid  quartz.  Small  garnets, 
pyrite,  and  chalcopyrite  are  sparingly  found.  The  radioactive  minerals  probably  are 
chiefly  of  the  complex  type.  They  are  at  present  under  investigation.  East  of  this 
exposiire  the  dyke  disappears  into  low  ground  and  has  not  been  traced  farther  east. 

This  very  interesting  dyke  is  evidently  a  portion  of  a  lens-shaped  body  duplicating 
on  a  larger  scale  features  shown  by  the  small  dyke  on  the  claim  of  Napoleon  Dault, 
previously  described.  Allanite  (showing  alpha-ray  activity  equivalent  to  as  much  as 
3  per  cent  UsOs,  but  probably  due  mostly  to  thorium)  occurs  throughout  the  length 
of  the  dyke,  but  the  richer  minerals  are  almost  confined  to  the  highly  segregated 
central  portion. 

An  interesting  feature  not  previously  mentioned  in  connexion  with  this  dyke  is 
the  evidence  of  plastic  movement  of  the  dyke  body  in  a  direction  from  west  to  east. 
This  is  shown  by  drag  structures  on  the  walls  of  partly  assimilated  country  rock. 

Mr.  W.  K.  Ryan  showed  to  the  writer  certificates  of  assays  by  John  H.  Banks  and 
Son,  26  John  St.,  New  York,  on  three  grab  samples  of  the  deep  red  feldspar  as  mined 
from  the  dyke  on  lots  2  and  8.  Besults:  No.  1,  0*26  per  cent;  No.  2,  0-37  per  cent; 
No.  8,  0-45  per  cent  of  uranium  oxide,  IJsOs.  No.  3  sample  was  said  to  be  across  8 
feet  of  the  spar  on  lot  3.  A  rei)ort  by  the  same  chemists,  on  concentration  tests  on 
another  sample,  is  reproduced,  in  its  essentials,  below: 

"Ore  as  received  assayed  0-18  per  cent  UaOs. 

Sample  was  criished  to  pass  10  mesh  and  divided  as  follows : 

Through  10  on  16  mesh 
16    "    80 
SO    "    40 
40    "    60 
60 

Each  of  the  above  sires  was  concentrated  separately  on  a  Wilfley  table  with  the 
following  results: 


Ore 

Concentrates 

Tails 

Mesh 

Weight 

Weight 

Assay  UiOs 

Weijht 

-10  +  16 
-16  +  30 

-30  +  40 
-40  +  60 
-60 

3.562  g. 
2,230 

685 
1.730 
1.140 

51g.l 
929      j 

12      1 
27 

7      J 

\ 

0-99% 
2-36% 

3,511 
2,138 

673 
1,703 
1.133 

Totals 

9.347 

189 

1-32% 

Weight   of   UsOg   In    ore   treated 16  82g. 

Weight  of  UsOs  In  concentrated 2-50% 

Recovery  UsOs 14.8  %" 

It  seems  improbable  that  the  recovery  was  actually  as  poor  as  indicated  by  these 
%ures  in  view  of  the  results  obtained  by  the  Ore  Testing  Division,  Mines  Branch,  in 
concentration  tests  on  the  Maberley  euxenite  (page  68).  The  accurate  determination 
of  uranium  in  an  ore  of  this  nature  by  chemical  methods  is  extremely  difficult  and  on 
such  low-grade  material  the  analytical  errors  are  relatively  large  and  might  easily 
account,  partly  at  least,  for  the  apparently  very  poor  recovery. 

The  occurrences  described  are  typical  of  the  Butt  district.  A  considerable  number 
of  dykes  examined  need  not  be  mentioned  here  as  they  are  not  particularly  noteworthy, 
though  in  many  cases  a  few  small  scattered  grains  of  radioactive  minerals  have  been 
found.  The  exact  analysis  of  the  Butt  Township  uraninite  has  not  yet  been  com- 
pleted, but  preliminary  results  indicate  that  it  is  of  the  same  comx>osition  and  age  as 
the  Parry  Sound  material,  containing  about  10  per  cent  of  lead. 
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UFKONGO-ATLEN  LAKE  OCCURBENOBS 

From  Kearney  the  writer  proceeded  eastward  across  Algonquin  park  (where 
prospecting  is  not  permitted  by  the  Ontario  GoYemment)  and  examined  the  mines 
and  pegmatites  in  the  vicinity  of  Opeongo  and  Aylen  lakes.  These  places  are^  flag 
stops  on  the  Grand  Trunk  railway  between  Hadawaska  and  Barry  Bay.  Hotel 
accommodation  may  be  had  at  Barry  Bay  or  Madawaska. 

In  this  district  two  dykes  have  been  worked  for  feldspar,  and  from  another  dyke 
on  the  Aylen  Lake  peninsula  60  or  65  tons  of  mica  is  said  to  have  been  obtained. 
Claims  have  been  staked  from  time  to  time  for  feldspar  or  mica,  but  no  radioactive 
minerals  had  been  noted  in  the  district,  and  apparently  no  prospecting  for  such 
minerals  has  been  done.  Thanks  to  the  kindness  of  Mr.  F.  G.  Armstrong  of  the 
Opeongo  Lumber  Company,  the  writer  was  enabled  with  a  minimum  of  time  and 
trouble  to  see  a  large  number  of  dykes,  and  radioactive  minerals  in  small  amounts 
were  discovered  in  many  cases  and  some  indications  of  their  presence  in  nearly  all 
cases.  A  hurried  examination  of  the  specimens  collected  has  not  so  far  disclosed 
any  uraninite,  but  some  of  the  specimens  show  a  considerable  alpha-ray  activity.  The 
district  appears  to  be  favourable  for  the  production  of  feldspar  and  mica.  Granite 
pegmatites  of  all  types  occur,  including  the  segregated  type  described  in  some  detail 
under  the  Butt  Township  occurrences.  Dykes  of  this  type,  carrying  the  highest  grade 
of  crystal  potash  spar,  were  seen.  Garnet  granite-gneiss,  biotite,  and  hornblende- 
schists  and  basic  irruptives  occur,  as  at  Parry  Sound  and  in  Butt  townships.  No 
crystalline  limestone  was  noticed. 

0RAIQII0NT-BUR0E88  0C0UBKKN0B8 

A  few  days  were  spent  in  Craigmont  and  vicinity.  Here  the  pegmatites  are 
chiefly  of  the  syenite  variety  as  to  composition,  being  almost  quartz  free,  and  of  the 
granitoid  tyx>e  as  to  structure.  The  greater  part  of  the  corundum  produced  at  Craig- 
mont is  said  by  Mr.  £.  B.  Clarke,  manager  of  the  Manufacturers  Corundum  Company, 
to  have  been  obtained  from  such  dykes  rather  than  from  the  nepheline  rocks,  and 
this  is  further  evidenced  by  the  old  workings.  A  considerable  quantity  of  dark 
minerals  was  collected  from  the  old  dumps  and  alpha-ray  tests  show  that  these  are 
mostly  radioactive  in  some  degree.  Similar  minerals  were  fairly  common  on  the 
dump  of  the  Burgess  mine,  and  are  also  radioactive.  No  detailed  examination  of 
these  samples  has  been  made. 

Some  years  ago  the  old  concentrating  mill  burned  down,  and  subsequently 
a  quantity  of  concentrates  which  had  been  in  the  Are  were  put  through  the  new  mill. 
Among  the  heaviest  materials  coming  off  the  tables  was  a  mixture  of  lead  pellets 
the  size  of  No.  8  shot  or  smaller,  along  with  fused  sulphides,  magnetite,  etc.,  on 
which  Mr.  Clarke,  probably  at  the  instance  of  Sir  Stopford  Brunton,  had  tests  made 
for  radioactivity,  first  at  McGill  University  and  later  in  the  United  States.  In 
both  cases  it  was  reported  to  be  slightly  radioactive.  Mr.  Clarke  kindly  presented 
the  writer  with  a  sample  of  this  concentrate  and  examination  under  the  binocular 
has  revealed  a  few  small  grains  of  material  which  chemical  and  alpha-ray  tests  show 
to  be  unquestionably  uraninite.  From  the  nature  of  the  dykes  one  would  be  inclined 
to  doubt  the  occurrence  of  uraninite,  but  the  finding  of  radioactive  minerals  oik  the 
dump  rather  favours  the  possibility. 

MABERLET  OCCURRENCES 

Orser-Kraft  Feldspar  Mine,  The  occurrence  of  euxenite  in  this  mine  was 
described  by  W.  G.  Miller  and  C.  W.  Knight.^.  Mining  has  continued  since  then 
and  a  large  amount  of  feldspar  has  been  shipped.  The  dyke  is  essentially  of  the 
graphic  type,  grading  into  a  somewhat  segregated  phase  at  the  eastern  end,  and  at 

1  Miller,  W.  G.,  and  Knight,  C.  W.,  26th  Ann.  Rept..  Ont.  Bureau  of  Mines,  1917. 
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depth.  Nearly  all  the  feldspar  produced  haa  gone  to  makers  of  household  scruhbing 
powders,  but  since  getting  into  the  segregrated  parts  some  first-class  crystal  spar  ia 
being  mined  which  would  be  suitable  for  pottery  and  enamel  work.  The  opening  is 
now  nearly  200  feet  long,  60  feet  wide  at  the  top,  and  80  to  40  feet  deep.  The  dyke 
strikes  north  75  degrees  east  magnetic  and  dips  slightly  to  the  south. 

Euzenite  has  been  fairly  abundant  during  the  whole  period  of  mining,  aooording 
to  Mr.  S.  H.  Orser.  At  the  time  of  the  writer's  visit  considerably  more  euzenite  was 
▼isible  than  when  the  dyke  was  opened  up  some  years  ago.  Black  tourmaline  occurs 
abundantly  in  some  parts  of  the  dyke,  particularly  at  the  western  end.  In  some 
cases  euzenite  may  be  found  in  the  centre  of  tourmaline  crystals,  showing  that  it 
was  one  of  the  earliest  minerals  formed.  The  feldspar  around  the  euzenite  is  a  very 
deep  red  in  contrast  with  the  lighter  tints  of  the  spar  where  it  is  absent.  This  deep 
red  of  the  feldspar,  first  observed  here,  is  characteristic  of  all  the  pegmatite  occur- 
rences of  radioactiye  minerals  so  far  found  in  Ontario,  and,  when  well  marked,  is 
an  almost  infallible  indication  of  the  presence  of  such  minerals.  The  cause  of  this 
coloration  is  under  investigation. 

'  During  the  winter  Mr.  Orser  sorted  out  a  quantity  of  the  red  feldspar  containing 
euzenite,  and  submitted  it  to  the  Ore  Testing  Division  for  concentration.  The 
particulars  of  this  test  have  been  supplied  by  W.  B.  Timm,  Chief,  Division  of  Ore 
Dressing  and  Metallurgy,  and  may  for  convenience  be  given  here: 

Test  No.  169 

^A  shipment  of  euzenite  ore  weighing  1,698  pounds  net  was  received  on  Novem- 
ber 29,  1921,  from  the  Orser-Kraft  Feldspar,  Limited,  Boz  2«6,  Perth,  Ont  The 
ore  came  from  the  company's  property  at  Maberley,  Ont,  and  consisted  of  f air- 
slsed  crystals  of  black  euzenite  in  red  orthoclase  feldspar. 

It  was  desired  that  the  euzenite  be  separated  from  the  feldspar  and  that  both  be 
recovered  in  the  form  of  clean  products. 

A  number  of  specimens  were  picked  out  of  the  ore  and  the  remainder  was 
reduced  in  a  jaw  crusher  to  |  inch. 


Product 


Weight,   pounds 


Percent  of 
pounds 


—finch 
Lobs — 

Heads.. 


1,582  00 
3  25 


MSO 
0  20 


1,585-25 


10000 


The  i-inoh  material  was  crushed  in  rolls  and  then  screened  on  12  mesh  by  a 
flbftlnng  Ferraris  screen,  the  oversize  from  the  screen  being  fed  back  to  the  rolls 
until  it  all  passed  through  the  screen. 


Product 

Weight,   pounds 

Per  cent  of 
heads 

— 12  mesh 

1,472 
110 

92-86 

Loss 

6fK 

— f  inch 

1.582 

99-80 
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The  -12  meeh  material  was  sized  on  a  Keedy  siser  into  four  sizes:   -8  +  20; 
-20  +  42;  -42  +  86;  and -86. 


Product 

Weight,   pounds 

Per  cent  of 
heada 

—   8  +  20 

3940 
5365 
260-5 
2670 
150 

24*86 

-  20+-42 

33*78 

-42  +  86 

16*43 

-86 

16*84 

L088 

0*05 

—12  mesh. .-,,..,-,,...,.. 

1,4720 

92*86 

Each  of  the  four  sizes  from  the  Keedy  sizer  was  tabled  separately  on  a  laige 
Wilfley  table,  so  as  to  make  a  euzenite  concentrate  and  a  feldspar  tailing  of  each 
size.  These  products  were  collected  as  they  came  from  the  tables  in  long  settling 
boxes.  The  water  from  the  tailing  box  was  pumped  to  a  callow  cone  during  ihe 
tabling  of  all  the  different  sizes,  and  by  this  means  a  certain  amount  of  slime  was 
removed.  After  tabling  all  products  were  dried  and  weighed.  The  four  concen- 
trates produced  were  very  good,  being  nearly  all  euxenite,  with  only  a  small  per- 
centage of  feldspar.  The  tailings  were  composed  of  clean  feldspar.  The  slime  from 
the  Callow  tank  was  very  fine,  and  drab  in  colour,  and  under  the  microscope  was  seen 
to  be  made  up  mostly  of  feldspar  with  a  little  euxenite. 


Product 

Weight,   pounds 

Per  cent  of 
heads 

Concentrate 

-8    20  .... 

1400 
23*50 
10-60 
10*  12 

370-00 
50400 
24400 
205-00 

4200 
83-88 

0-891 

<« 

—20    40    ... 

1*48       3-67 

u 

-42    86 

0-66 

u 

-86 

0-64 

Tiling 

-8    20 

23*341 

—20    42  .. . 

31-79 
15-39 
12-93 

83-45 

a 

-42    86  ..    . 

« 

-86 

Slimes 

2-65 

Loes        

2-14 

Feed  to  table 

1,457  00 

91-91 

The  concentrate,  after  sampling,  and  a  sample  representing  in  proper  proportions 
the  combined  four  sizes  of  tailings,  were  shipped  to  the  Orser-Kraft  Feldspar,  Limited, 
Perth,  Ont. 

Summary  and  Conclusions.  The  euxenite  concentrate  produced  equals  8*67  per 
cent  of  the  ore  treated. 

The  feldspar  tailing  product  equals  83*45  per  cent  of  the  ore  treated. 

The  slimes  produced  equal  2*65  per  cent  of  the  ore  treated. 

The  loss  in  treatment  equals  10*23  per  cent  of  the  ore  treated. 

A  good  separation  of  the  euxenite  from  the  feldspar  can  be  made.  Good  clean 
products  can  be  produced. 

Dry  crushing  and  tabling  is  a  very  suitable  method  of  treating  the  ore,  as  sul>- 
mitted.'* 

Samples  of  the  various  concentrates  were  mixed  in  the  proper  proportions  to 

represent  the  whole,  and  on  analysis  yielded  the  following  results: 

Per  cent 

UsOe 6  7 

Th02 2  30 

Cerium  ^oup  earths 0-48 

Yttrium  ^oup  earths 16-31 
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A  more  complete  analysis  is  hemg  made,  the  above  results  being  of  a  preliminary 
nature.  The  concentrate  contains  in  addition  large  amounts  of  columbium,  tan- 
talum, and  titanium,  besides  iron,  alumina,  silica,  sulphur,  phosphoric  acid,  and  other 
common  elements.  Several  rare  minerals  are  present,  one  of  which  is  probably 
xenotime. 

Ground  samples  of  the  tailings  and  slimes  were  tested  in  the  alpha-ray  electro- 
scope against  the  analysed  concentrate  with  the  following  results: 

Tailings alpha-ray  activity  practically  nil 

Slimes alpha-ray  activity   -i-  that  of  concentrate 

The  slimes,  therefore,  carry  about  0-04  per  cent  of  UsOs  +  ThOi  or  about  0-03 
ITsOs  and  0-01  per  cent  Th02,  and  the  separation  from  the  tailings  is  practically  100 
per  cent  complete.  Thus  on  a  ton  of  2,000  pounds  the  recovery  was  73«4  pounds  of 
concentrates  containing  4*18  pounds  UsOs  and  1*68  pounds  ThOs,  and.  53  pounds  of 
fllipies  containing  0-02  pounds  UaOs  and  ThOs.  The  ore,  therefore,  carried  about 
0-2  per  cent  UsOs  and  0*06  per  c^t  ThOs. 

The  results  of  this  test  on  the  whole  have  been  encouraging.  The  recovery  has 
been  excellent.  The  tailings  constitute  a  feldspar  product  of  saleable  quality  due  to 
the  elimination  of  iron-bearing  impurities  and  their  increased  value  might  on  the 
commercial  scale  pay  for  the  cost  of  treatment. 

Radioactive  minerals  were  found  in  small  quantity  in  several  other  dykes  in 
the  Maberl^  district.  Some  nuggets  of  euxenite  an  inch  or  more  in  diameter  were 
seen  in  a  large  detached  block  of  a  dyke  on  the  same  lot  as  the  Orser  mine.  Between 
Sharbot  lake  and  Kingston  on  the  Kingston  and  Pembroke  railway,  especially  around 
Verona  and  Tichbome,  is  probably  the  most  active  feldspar  mining  district  in 
Ontario.  Most  of  the  mines  were  visited,  but  radioactive  minerals  are  apparently  of 
rftre  occurrence  in  this  district.  The  si>ecimens  collected  here  have  not  yet  been 
tested.    They  are  mostly  small,  and,  probably  in  many  cases,  areallanite. 


GENERAL  CONCLUSIONS 

The  pegmatites  of  Ontario  undoubtedly  contain,  in  the  aggregate,  a  relatively 
enormous  amount  of  radium  and  thorium  minerals,  but  these  occur  in  a  widely  dis- 
seminated condition,  and,  to  the  writer,  it  appears  improbable  that  rich  concentrations 
will  ever  be  found  in  commercial  amount  in  this  type  of  occurrence.  Low-grade  ore 
containing  a  pound  or  two  of  uranium  oxide  to  die  ton  might,  nevertheless,  under' 
certain  conditions,  prove  workable,  the  tailings  constituting  a  refined  ground  feldspar 
product  that  would  be  the  main  source  of  revenue,  while  the  uranium  minerals  would 
be  a  byproduct  oibtainable,  probably,  at  little  extra  expense.  It  would  unquestionably 
pay  producers  to  market  their  feldspar  in  the  ground  condition.  The  application  of  a 
concentration  process  would  remove  not  only  the  radium  minerals,  but  also  various 
highly  objectionable  impurities  such  as  magnetite,  iknenite,  pyrite,  tourmaline,  black 
mica,  etc.,  thus  improving  the  quality  of  the  feldspar  product,  and  enabling  d^;K)sit8 
to  be  worked  on  a  large  scale  with  little  or  no  expensive  hand-picking  and  sorting. 
The  presence  of  some  quartz  in  such  a  feldspar  product  would,  probably,  not  be  objec- 
tionable for  most  uses,  provided  uniformity  of  composition  were  maintained,  and  this 
can  be  done  easily  by  working  on  a  large  scale. 

Such  operations,  however,  could  probalbly  be  successfully  carried  on  only  by  a 
company  with  capital  sufficient  to  produce  and  market  ground  feldspar  in  large  quan- 
tities, mine  mica,  and  recover  and  refine  the  rare  mineral  by-products. 
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INTRODUOTION 

Gaspe  peninsula  waa  the  scene  of  the  first  work  of  the  Oeological  Suney,  Canada. 
The  founder  of  the  Survey,  Sir  William  Logan,  explored  it  for  coaL  His  assistants 
mapped  a  number  of  its  rivers.  In  more  recent  years  detailed  stratigraphical  work 
was  carried  out  along  its  eastern  coast.  The  interior,  however,  has  to  a  large  extant 
remained  an  unprospected  region,  chiefly  on  account  of  the  difficulties  of  travel  and 
supplies.  The  discovery  in  1910  of  zinc  and  lead  deposits  near  the  headwaters  of 
Berry  Mountain  brook,  a  tributary  of  Gascapedia  river,  revived  interest  in  the 
mineral  possibilities  of  the  peninsula,  and  the  development  of  these  deposits  led  to  a 
demand  for  more  detailed  knowledge  of  the  geology  of  the  surrounding  area.  The 
present  report  is  the  result  of  work  during  the  field  season  of  1921,  with  the  new  zinc 
and  lead  field  as  a  central  x>oint. 

FIELD  WORK 

A  transit  and  stadia  control  was  carried  up  the  road  from  bench-mark  1309-95, 
8  miles  south:  of  the  Federal  mine.  This  bench-mark  was  derived  from  the  surveyed 
line  between  Matane  and  Gaspe  counties.  The  elevations  were  all  derived  from  this 
control  The  detailed  map  around  the  Federal  Zinc  and  Lead  mine  was  made  by  plane- 
table  and  alidade;  the  areal  map  was  compiled  from  traverses  made  with  chain, 
compass,  and  barometer  away  from  the  transit  and  stadia  control  lines.  Barometer 
readings  were  corrected  daily  from  the  records  of  a  camp  barometer.  The  trail  from 
the  Federal  mine  to  lake  Ste.  Anne,  a  trail  along  Brandy  brook,  another  down  Ste. 
Anne  river,  and  still  another  up  the  valley  to  the  southwest  of  lake  Ste.  Anne  were 
most  useful  as  controls  for  the  side  traverses. 
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LOCATION    AND  AREA 

The  area  (Figure  6)  comprises  approximately  70  square  miles  and  lies  in  the 
central  part  of  Gaspe  peninsula  on  the  divide  between  the  waters  flowing  about  25 
miles  (as  the  crow  flies)  north  to  the  St.  Lawrence  and  those  flowing  south  about  40 
miles  (as  the  crow  flies)  to  Ohaleur  bay.  The  area,  though  nearer  the  6t  Lawrence, 
is  more  easily  reached  from  the  south,  by  which  route  Shickshock  mountains  are 
avoided. 

MEANS  OF  COMMUNICATION 

The  Quebec  Oriental  railway  follows  the  south  shore  of  Gaspe  peninsula  east- 
ward from  Matapedia  on  the  Intercolonial  railway.  A  wagon  road  45  miles  in  length 
connects  Cascapedia,  on  the  Quebec  Oriaital,  and  the  Federal  mine.  The  road,  for  35 
miles,  follows  tiie  east  bank  of  Gascapedia  river  and  then  skirts  the  west  side  of  Berry 
Mountain  brook.  For  most  of  the  (^stance  the  road  follows  an  old  lumber  road,  but 
so  much  work  has  been  done  by  the  Federal  mining  company  in  improving  the  grade, 
building  bridges,  etc.,  that  the  present  road  is  practically  a  new  one.  Much  work  still 
remains  to  be  done,  however,  before  it  can  be  used  for  extensive  summer  transportation. 

Oamps  are  situated  at  convenient  intervals  along  the  road.  The  first  is  at 
Escuminac  5  miles  above  Cascapedia  station.  A  survey  of  the  road  made  for  the 
Federal  company  begins  at  the  township  line  between  New  Edchmond  and  Flahault, 
which  croeses  the  Cascapedia  one  mile  above  the  company's  buildings  at  Escuminac 
The  other  camps  along  the  road  are:  Joe  Martin  camp  near  milepost  10;  Tracadie 
near  milepost  15 ;  Douglas  at  mile  19 ;  Falls  near  mile  36 ;  Berry  Mountain  near  mile 
80;  and  Woodmans  near  milepost  35.  Milepost  No.  40  is  at  the  Federal  mine.  These 
camps  afford  bunkhouses  and  stables.  A  trip  either  way  takes  from  two  to  three 
days  according  to  the  load  and  the  condition  of  the  road. 

Much  of  the  distance  can  also  be  covered  with  canoes.  The  Cascapedia  is  swift 
and  contains  a  number  of  rapids,  but  canoes  can  be  poled  to  Berry  Mountain  brook 
and  up  the  8almon  and  lake  branches.  Berry  Mountain  brook  is  too  small  for  canoe 
travel.  The  lumber  companies  tow  their  supplies  with  horse  teams  up  the  Lake  and 
Salmon  branches.  Scows  can  be  taken  in  this  manner  as  far  as  Loon  lake  on  the 
Lake  branch,  and  up  to  nearly  the  headwaters  of  the  Salmon  branch.  In  descending 
the  Cascapedia  all  the  rapids  can  be  run  by  both  scows  and  canoes. 

HISTORY 

Small  deposits  of  zinc  and  lead  ores  were  known  at  Grand  Gr^ve  and  other 
points  on  the  coast  in  very  early  days,  and  attempts  to  mine  the  deposits  were  made. 
They  proved,  however,  too  small  to  be  of  commercial  importance.  More  recently, 
reports  of  the  discovery  of  gold,  copper,  lead,  and  zinc  in  the  interior  of  Gaspe  were 
circulated,  but  it  was  not  until  1909  that  any  noteworthy  discovery  was  made.  In 
that  year  several  prospectors  found  considerable  quantities  of  lead  ore  on  a  hill  near 
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Berry  Mountain  brook,  on  the  site  of  the  present  Federal  mine.  In  the  following  year 
James  McKinley  staked  the  hill  and  proceeded  to  search  for  the  lode  from  which  the 
fragments  of  lead  ore  had  come.  Since  then  many  claims  have  been  staked  in  the 
vicinity;  those  that  have  been  Crown-granted  are  shown  on  the  areal  map.  These 
claims  are  now  held  by  two  companies,  the  Federal  Zinc  and  Lead  Company  and  the 
North  America  Mining  Company. 

PREVIOUS  WOBK 

In  1843  Sir  William  Logan  explored  the  coast  of  Oaspe  from  Gaspe  bay  to 
Paspebiac,  travelling  along  the  shore  with  a  canoe  and  one  helper^  walking  most  of 
the  way,  climbing  cliffs,  examining  rocks,  collecting  fossils  and  rock  and  mineral  speci- 
mens, and  making  a  pace  and  compass  traverse  of  the  entire  distance.  He  continued 
this  work  the  following  summer  with  a  larger  party.  The  north  shore  of  Gaspe  was 
followed  from  cap  des  Rosier  to  Cap-Chat  river.  This  river  was  ascended  in  canoes 
and  from  its  headwaters  Logan  struck  through  the  woods  and  reached  one  of  the 
tributaries  of  the  Lake  branch  of  the  Cascapedia.  Three  canoes  were  built  of  spruce 
bark  and  in  them  the  Cascapedia  was  descended  to  its  mouth.  A  micrometer  and 
compass  survey  was  made  of  this  traverse,  several  of  the  adjacent  mountains  were 
climbed,  and  a  gpreat  deal  of  geological  information  was  obtained.  In  the  autumn 
of  the  same  year  Alexander  Murray,  who  had  accompanied  Logan  on  this  trip,  pro- 
ceeded eastward,  and  mapped  Bonaventure  river  for  53  miles.  Logan  continued  the 
examination  of  the  Gaspe  coast  westward  and  ascended  Matapedia  river  as  far  as 
lake  Matapedia.  In  the  following  year  Murray  explored  Matane,  Ste.  Anne,  and  St. 
John  rivers.  In  1857,  J.  Richardson  ascended  Magdalen  river;  in  1858  Robert  Bell 
examined  York  and  Dartmouth  rivers.  The  results  of  these  surveys  were  incor- 
porated by  Logan  in  his  report  of  1863  on  the  geology  of  Canada.  The  work  of 
Logan  and  his  assistants  demonstrated  the  absence  of  payable  coal  in  the  peninsula 
and  in  a  large  way  solved  the  major  problems  of  stratigraphy  and  structure. 

In  the  years  1882  and  1883  more  geological  work  was  carried  out  by  R.  W. 
Ells  and  A.  P.  Low.  In  1882  Ells  examined  the  coast  and  the  rivers  of  Gaspe  basin. 
In  1883  he  mapped  Bonaventure  river  and  the  Salmon  and  Lake  branches  of  the 
Cascapedia.  In  1883,  Low  ascended  the  Ste.  Anne  to  lake  Ste.  Anne  and  mapped 
much  of  the  r^on  from  the  summits  of  mount  Albert  and  Tabletop  mountain.  He 
also  surveyed  the  Middle  branch  of  Magdalen  river.  These  traverses  gave  much  new 
information  concerning  the  interior  of  the  peninsula.  Later  in  the  season  Low  made 
a  complete  traverse  across  the  peninsula  by  ascending  Ste.  Anne  river  to  lake  Ste. 
Anne,  making  a  portage  of  3  miles  from  the  south  end  of  the  lake  to  the  west 
branch  of  Little  Cascapedia  river  and  descending  that  river  to  its  mouth. 

In  1902  and  1909  Elk  examined  parts  of  the  peninsula  in  connexion  with  oil 
and  oil-shale  possibilities.    His  reports  on  both  of  these  were  unfavourable. 

In  1908  J.  M.  Clarke,  of  the  'New  York  State  Geological  Survey,  published  the 
result  of  a  number  of  years'  work  on  the  eastern  coast  of  Gaspe.  Clarke  describes 
the  stratigraphy  and  structure  of  these  Silxurian  and  early  Devonian  rocks  and  their 
immense  fossil  fauna.  The  great  number  of  plates  and  the  descriptions  of  the 
numerous  species  make  this  work  a  noteworthy  contribution  to  Canadian  paleontology. 

During  the  summers  of  1917  and  1918  Professor  A.  Mailhiot  of  L'fcole  Poljr- 
technique  of  Montreal,  mapped  an  area  of  which  the  Federal  mine  is  the  central 
point  His  report  on  the  geology  of  this  area  was  included  in  the  annual  r^^rts  for 
1917  and  1918  of  the  "Mining  Operations  in  the  Province  of  Quebec'\ 

Robert  Chalmers  made  studies  of  the  Pleistocene  geology  of  Gaspe,  and,  more 
recently.  Professor  A.  P.  Coleman  of  the  University  of  Toronto  spent  two  seasons 
investigating  the  glacial  history  of  the  peninsula.  The  result  of  his  investigations 
has  recently  been  published  as  Bulletin  34  of  the  Geological  Survey. 
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GeoL  8urv.,  Can.,  Kept  of  Prog.,  1857. 

"On  a  Portion  of  the  Gaspe  Peninsula  Including  an  Examination  of  the  Coast  from 
Marsouin  River  to  Rivitee  du  Iioup."     With  plan  No.  49. 

Geo).  Surv.,  Can.,  Rept  of  Prog.,  1858,  p.  105. 


GENERAL  OHAEACTBB  OF  THE  DISTMOT 

TOPOGRAPHY 

Regional  Character.  Oaspe  peninsula  comprises  that  part  of  the  province  of 
Quebec  which  Ides  south  of  fit.  Lawrence  nver  and  east  of  Matapedia  river.  It  has 
a  lenirth  in  an  east  and  west  direction  of  «l)out  150  miles  and  a  greatest  width  of  85 
miles.  It  is  a  r^ion  of  Appalachian  structure,  consisting  of  Palaeozoic  rocks^  whose 
structural  trend  is  a  curved  line  paralleling  in  a  general  way  the  north  ffttore  of  the 
peninsula.  Its  northern  coast  rises  abruptly  from  the  St.  Lawrence.  In  places  steep 
cliffs  800  to  1,200  feet  high  terminate  abruptly  at  the  shore.  At  other  places,  as  at 
the  mouth  of  Marsouin  river,  the  hills  are  orily  200  to  400  feet  in  height,  but,  lees 
than  6  milee  inland,  flat-topped  ridges  reach  elevations  of  from  2,500  to  8,000  feet. 
The  eastern  end  of  the  peninsula  is  marked  by  bays  andl  cliffs.  The  cliffs  are  abrupt 
terminations  of  Appalachian  folds  which  have  been  truncated  by  marine  erosion. 
The  southern  coast  along  Ohaleur  bay  shows  an  alternation  of  low  rock  cliffs,  bays, 
bars,  and  beaches.    This  is  the  important  agricultural  part  of  the  peninsula. 

The  interior  of  the  peninsula  is  a  plateau  (Plate  HI  A)  dissected  by  deep  valleys. 
The  higher  points  lie  along  a  central  axis  known  as  Shickshock  mountains.  Some 
of  the  elevations  on  this  range  rise  to  over  4,000  feet  and  form  the  highest  land  of 
eastern  Canada.  A  good  idea  of  what  this  high  country  looks  like  from  one  of  the 
highest  elevations  can  be  got  from  the  panorama  made  by  A.  P.  Low  from  the  summit  of 
mount  Albert^.  The  most  striking  feature  is,  probably,  the  mature  character  of  the 
upland  topography.  Here  and  there  projections  rise  above  the  general  level,  but  on 
the  whole  there  is  a  remarkable  accordance  of  summit  levels,  and  the  sky-line  is  com- 
paratively even  in  all  directions.  The  various  individual  moimtains  also  show  this 
flat-topped  character.  Mount  Albert,  composed  of  serpentine,  has  a  treeless,  rock- 
strewn,  flat  surface  on  which  Low  in  1883  chained  a  base  3}  miles  long  for  triangula- 
tion  purx>oses.  Tabletop  mountain  shows  a  low,  rolling  topography  developed  on 
granite.  Its  surface  is  an  undulating  plateau  dotted  with  numerous  lakes  and  with 
a  few  peaks,  some  of  which  are  500  feet  above  the  general  summit  level.  Many  of  the 
other  mountains  show  similar  broad,  flat  tops.  The  country  is  folded,  faulted,  and 
intruded,  and  is  made  up  of  rocks  of  varying  degrees  of  hardness  and  resistance  to 
erosion,  such  as  soft  shales  and  limestones,  hard,  massive,  volcanic  rodcs,  granite, 
porphyries,  serpentine,  and  metamorphic  vjchists  and  gneisses.  The  truncation  of  a 
folded  region  of  such  diverse  rocks  to  form  a  uniform  plane  like  the  present  surface 
16  to  be  explained  only  by  base-levelling.  Gaspe  x)eninsula,  therefore,  is  a  region 
which  must  have  been  base-levelled  and,  later,  uplifted  and  dissected. 

The  peninsula  contains  no  rock  formations  younger  than  the  Pal»ozoic  and  the 
age  of  this  erosion  surface  can,  therefore,  only  be  inferred.  The  valleys  (Plate  m  B) 
afford  the  best  guide  to  the  date  of  the  present  cycle.  Throughout  the  peninsula  they 
are  in  a  stage  of  youth.  Slopes  are  uniformly  steep,  in  many  places  at  the  angle  of 
repose  of  the  rock  debris.  Slope  angles  of  36  d^rrees  are  common.  Vertical  diffa 
are  frequent  where  basalt  forms  the  bedrock.  A  youthful  topography,  represented  by 
these  steep-sided  valleys,  is  superimposed  upon  the  old  age  topography  of  the  upland 
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surface.  The  ralleys — ^with  the  probable  exception  of  certain  narrow  canyons — are 
clearly  preglacial,  for  many  of  them  contain  glacial  deposits,  but  their  youthful  condi- 
tion proves  that  they  cannot  be  older  than  Pliocene.  It  ia  to  be  concluded,  therefore, 
that  the  uplift  of  the  region  and  cutting  of  the  new  valleyfl  dates  from  Pliocene  time. 

The  character  of  the  uplift  may  to  some  extent  be  deduced  from  the  present 
elevations  of  the  old  base-levelled  surface.  The  point  of  greatest  elevation  is  on 
Tabletop  moimtain  whose  summit  is  over  4,S00  feet  Some  of  the  other  peaks  exceed 
4^200  feet,  but  the  average  elevation  of  the  flatter  part  of  the  mountain  is  about  3,600 
feet.  Mount  Albert  has  an  elevation  of  3,000  feet,  mount  Logan  3,700,  and  the  other 
high  mountains  of  the  central  belt  run  from  3,200  to  3,400  feet.  The  elevation  of  the 
plateau  along  the  central  axis  of  the  peninsula  may,  therefore,  be  taken  as  about  3,400 
feet,  with  the  granite  knobs  of  Tabletop  mountain  aa  monadnocks  on  the  old  erosion 
surface.  At  the  Federal  mine,  and  at  Berry  mountain,  near  the  junction  of  Berry 
Mountain  brook  with  Cascapedia  river,  the  plateau  has  an  elevation  of  about  1,900 
feet.  On  the  coast  at  Perc6,  iiiount  Ste.  Anne  has  an  elevation  of  1,200  feet  The 
plateau,  therefore,  has  a  decided  slope  to  the  sea.  The  uplift  at  the  initiation  of  one 
of  the  cycles  of  erosion  must,  ther^ore,  have  been  differential  in  character,  with  the 
maximum  rise  along  the  central  axis  of  the  peninsula. 

The  region  stands  high  at  present,  but  that  in  Pliocene  time  it  must  have  stood 
higher  is  evident,  for  the  valley  of  the  St.  Lawrence  extends  200  feet  below  sea-leveL 
Hence,  although  there  has  been  uplift  in  post-glacial  time — as  is  shown  by  raised 
beaches — it  has  not  been  sufficient  to  offset  the  depression  that  took  place  during  the 
Pleistocene. 

Belief  of  the  Map-area.  Mount  Lyall,  the  highest  point  in  the  map-area,  has  an 
elevation  of  3,100  feet  Its  flat  top  shows  a  remnant  of  the  old  peneplain  surface. 
Another  remnant  with  an  elevation  of  3,000  feet  lies  southwest  of  lake  Ste.  Anne. 
Northeast  of  the  lake  the  country  reaches  about  the  same  elevation,  but  shows  a 
greater  degree  of  dissection.  These  higher  parts  consist  of  granite  and  volcanic  rocks, 
the  hardest  rocks  of  the  region.  Northwest  of  lake  Ste.  Anne,  the  plateau  coimtry  is 
developed  in  limestone  and  shale  and  reaches  an  elevation  of  2,800  feet  The  southern 
part  of  the  map-area  shows  a  decided  sloi>e  southward  to  where  Brandy  brook  and  the 
various  branches  of  Berry  Mountain  brook  join  Cascapedia  river.  The  greatest 
difference  of  relief  between  adjacent  points  in  the  area  is  1,700  feet,  between  the 
summit  of  mount  Lyall  and  the  surface  of  lake  Ste.  Anne.  In  the  southwestern  part 
of  the  sheet  the  average  difference  of  elevation  between  the  valley  bottoms  and  the  high, 
flat  areas  between  the  streams  is  about  600  feet 

Drainage.  The  map-area  lies  on  the  divide  between  three  river  systems:  the  Ste. 
Anne,  which  flows  to  the  St.  Lawrence,  and  the  Grand  Cascapedia  and  the  Little 
Cascapedia  which  flow  south  to  Chaleur  bay.  The  area  includes  all  the  headwaters 
of  the  north  branch  of  Berry  Moimtain  brook.  None  of  the  streams  is  large  enough 
for  canoes,  except  the  Ste.  Anne  at  highwater.  They  all  are  swift  The  average  fall 
of  the  part  of  the  Ste.  Anne  shown  on  the  map-sheet  is  approximately  50  feet  to  the 
mile,  that  of  Berry  Mountain  brook  and  Brandy  brook  about  150  feet  to  the  mile, 
and  the  tributaries  of  these  show  a  still  steeper  gradient 

Some  of  the  valleys  of  the  western  part  of  the  sheet  are  dry  during  the  summer. 
Brandy  brook  itself  was  quite  dry  a  short  distance  above  where  the  trail  from  the 
Federal  mine  enters  its  valley.  South  of  this  point,  however,  there  was  a  good  volume 
of  water  which  must  have  been  supplied  from  imderground. 

Thei  vall^s  have  an  average  depth  of  about  GOO  feet  and,  as  a  rule,  show  steep 
slopes.  The  characteristic  topography  is  flat  interfluvial  areas  with  abrupt  descents 
to  the  streams.  Valley  slopes  of  35  degrees  are  common.  Steep  cliffs  are  frequent 
where  the  bedrock  is  volcanic.  Typical  examples  are  seen  along  Brandy  brook,  and 
along  the  southwest  side  of  lake  Ste.  Anne.  West  of  Ste.  Anne  river  is  a  very  steep 
rise  to  the  summit  of  a  granite  hogback.    Small  canyons  occur  locally,  as,  in  the 
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limestone  in  the  northwestern  part  of  the  map-area,  and  in  the  volcanic  rocks  at  the 
Narrows  on  Berry  Mountain  brook. 

Lake  Ste.  Anne  is  a  narrow  body  of  water  3}  miles  long  which  drains  northward 
by  Ste.  Anne  river  to  the  St.  Lawrence.  It  consists  of  three  parts  separated  by 
narrows,  caused  by  side  streams  which  have  built  deltas  out  into  the  lake.  The 
narrows  between  the  north  and  middle  parts  of  the  lake  is  so  shallow  that  even  light 
canoes  can  be  got  through  only  with  difficulty.  The  maximum  depth  in  the  northern 
expansion  is  48  feet;  the  middle  part  has  a  depth  of  18  feet;  the  southern  expansion, 
where  the  shores  rise  steeply  on  either  side,  has  a  depth  of  113  feet  Low  states  that 
at  one  point  the  lake  is  oyer  120  feet  deep. 

The  present  drainage  of  lake  Ste.  Anne  is  physiographically  abnormal.  .The  side 
streams  which  enter  the  lake,  and  the  part  of  Ste.  Anne  river  immediately  below  it,  run 
in  a  general  southeast-southwest  direction,  suggesting  that  the  normal  drainage  of  the 
valley  occupied  by  the  lake  should  be  southward  rather  than  to  the  north.  Below  Ste. 
Anne  lake  outcrops  of  basic  volcanic  rocks  border  Ste.  Anne  river,  showing  that  in 
several  places  solid  bedrock  forms  the  bed  of  the  stream.  At  one  place  11  miles  below 
lake  Ste.  Anne  solid  rock  can  be  traced  entirely  acrose  the  stream  channel,  at  an 
elevation  of  only  80  feet  below  the  surface  of  lake  Ste.  Anne.  The  valley  occupied  by 
the  lake — ^which  has  a  depth  of  120  feet — could  not,  therefore,  have  been  cut  by  a 
stream  flowing  north  along  the  present  course. 

The  topographic  map  explains  these  abnormal  features.  South  of  lake  Ste.  Anne» 
the  valley  occupied  by  the  lake  continues  in  a  direct  line  to  Little  Cascapedia  river* 
The  divide  between  the  lake  and  the  Little  Cascapedia  is  very  low — not  more  than  10 
feet  above  the  lake — and  consists  of  loose  material  with  no  rock  outcrops.  The 
Little  Cascapedia,  where  this  valley  joins  it,  is  130  feet  below  the  level  of  lake  Ste. 
Anne,  or  below  the  lowest  part  of  the  lake  bottom.  It  is,  therefore,  apparent  that  lake 
Ste.  Anne  was  once  simply  a  valley  occupied  by  one  of  the  headwaters  of  Little 
Cascapedia  river. 

This  diversion  took  place  in  Pleistocene  time  and  its  cause  was  a  dam  of  ice 
and  glacial  debris  from  a  cirque  on  the  we9t  side  of  the  valley  sout^  of  the  present  lake 
Ste.  Anne.  The  waters  of  the  lake  were  raised  by  this  dam  until  an  outlet  was  found 
over  the  divide  to  one  of  the  tributaries  of  Ste.  Anne  river.  This  divide  was, 
probably,  between  mount  Albert  and  Tabletop  mountain.  Here  the  Ste.  Anne  now 
flows  through  a  gorge  with  vertical  walls  200  feet  high,  and  at  one  point  drope  60  feet 
This  gorge  which  in  one  place  is  less  than  6  feet  wide  has  most  probably  been  cut  since 
the  diversion  by  the  increased  flow  northward  which  the  change  in  the  direction  of  flow 
produced. 

The  topographic  map  (No.  1936)  also  shows  that  there  were  minor  changes 
accompanying  this  major  drainage  change.  The  stream  entering  Ste.  Anne  river 
from  the  west,  2i  miles  below  Ste.  Anne  lake,  cuts  through  a  limestone  canyon  which 
has  vertical  walls.  This  stream  drains  three  other  streams  that  originally  flowed 
southwest  through  a  large  valley  with  fairly  mature  slopes  and  now  occupied  by  a  very 
insignificant  stream.  Similarly  the  stream  that  is  east  of — and  makes  a  sharp  north- 
west turn  to  join — the  Ste.  Anne,  at  one  time  flowed  along  a  course  now  occupied  by 
four  small  lakes  northeast  of  lake  Ste.  Anne. 

GLACIATION 

Coleman^  showed  that  the  high  interior  of  Gaspe  was  not  overridden  by  the 
Labrador  ice-sheet  There  are  no  glacial  deposits  above  2,500  feet  The  tops  of  the 
higher  mountains  (Plate  IV  A)  are  rough  and  irregular  in  detail  with  minor  irre- 
gularities and  projections  which  could  not  have  withstood  a  continental  glacier; 
moreover,  the  loose  rock  debris  consists  of  the  same  material  as  the  solid  bedrock. 
The  region,  however,  was  occupied  by  local  glaciers  which  spread  out  chiefly  to  the 
south,  north,  and  northeast 

1  Greol.   Surv.,  Can.,  Bull.   34. 
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The  map-area  shows  little  sign  of  extensive  glaciation.  Over  most  of  it  the 
float,  or  rock  dehris,  can  be  taken  as  an  indication  of  the  bedrock.  The  top  of  mount 
Lyall,  and  the  mountain  northeast  of  lake  Ste.  Anne,  and  the  hogback  in  the 
nortbwest  comer  of  the  area  are  all  covered  with  loose  fragments  of  the  same  material 
as  the  bedrock.  There  are,  however,  a  few  foreign  boulders  among  the  rock  debris  on 
the  hogback  west  of  Ste.  Anne  river,  the  presence  of  which  -is  not  so  readily 
explained.     These  may  be  residual. 

The  map-area  does,  however,  show  evidence  of  local  glaciation.  Along  the  west 
side  of  lake  Ste.  Anne  a  large  well-developed  double  cirque  forms  two  big  amphi- 
theatre-like hollows  on  the  flank  of  mount  Lyall.  The  walls  in  places  are  steep  cliffs^ 
and  the  top  of  mount  Lyall  is  a  mere  knife-edge.  Other  smaller  hollows  repre- 
senting less  perfectly  developed  cirques  occupy  the  valley  of  lake  Ste.  Anne. 

Large  erratics  are  met  here  and  there  as,  for  example,  porphyry  boulders  on 
Federal  hill,  and  a  huge  boulder  weighing  tons  (apparently  Precambrian  quartzite) 
on  the  old  road  up  the  hill.    These  erratics  were  certainly  transported  by  ice. 

SUMMARY   OP    PHTBIOQRAPHTC   HISTOBT 

Part  at  lea&t  of  the  physiographic  history  of  Qa»pe  peninsula  from  Paleozoic 
time  can  be  inferred  even  if  a  complete  record  must  remain  unknown.  In  !Middle 
Devonian  time  the  country  was  mountainous,  probably  rivalling  the  present  Alps 
and  Rockies.  From  then  the  history  of  the  region  has  been  one  of  denudation.  How 
many  cycles  of  erosion  the  region  has  passed  through  since  the  Devonian  it  is 
impossible  to  state,  but  sufScient  denudation  has  taken  place  to  uncover  and  incise  a 
granite  batholith.  Probably  in  Mesozoic  and  Tertiary  times  the  region  was  more 
than  once  reduced  to  base-level.  Certainly  in  Tertiary  time  a  very  perfect  peneplain 
existed  in  the  peninsula  with  a  low  divide  down  the  central  axis.  At  that  time  the  lofty 
mountains  of  the  Devonian  were  represented  only  by  low  monadnocks.  In  Pliocene 
times  there  was  uplift.  The  streams  were  rejuvenated  and  vaHey  cutting  began. 
The  present  elevation  of  Shickshock  mountains,  which  are  to  a  large  extent  mountains 
of  denudation  produced  by  the  dissection  of  a  plateau  surface,  is  due  to  the  Tertiary 
uplift. 

In  Pleistocene  time  the  central  part  of  Gaspe  was  occupied  by  local  glaciers  but 
was  apparently  not  overridden  by  the  continental  ice-sheet.  The  local  glaciers  moved 
down  the  valleys,  disorganized  the  drainage  to  a  certain  extent,  and  produced  local 
cirques.  The  history  since  the  disappearance  of  the  ice  has  been  one  of  erosion  with 
local  canyon  cutting.  Vertical  movements  in  post-Olacial  time  are  recorded  by  the 
presence  of  marine  beaches.  These  show  that  there  has  been  a  rise  along  the  north 
shore  of  the  peninsula,  but  the  absence  on  the  Chaleur  Bay  side  of  any  beach  corre- 
sponding to  the  very  marked  Micmac  beach  on  the  north  coast  points  to  a  recent 
sinking  of  the  southern  margin. 

CLIMATE,  AGRICULTURE,  POPULATION   AND  INDUSTRIES,  FORESTS,  WATER-POWERS 

Weather  records  have  been  kept  at  the  Federal  mine  since  August,  1918.  The 
following  table  summarizes  the  more  important  data. 

Monthly  Mean  Temperature 


Year 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1918 

59 
52 
51 

60 
57 
65 

56 
52 
60 
53 

47 
47 

48 
48 

39 
33 
41 
37 

26 
24 
15 

18 

1 

13 

1919  

8 

17 

22 
25 
20 

33 
34 
30 

44 
45 
47 

1020 

13 

1921 

4 

5 

10 
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The  lowest  temperature  recorded  was  —26  degrees,  in  Jbxiubtj,  1919.  Januarj, 
1921,  saw  a  temperature  of  —21  degrees;  February  of  the  same  year  a  temperature  of 
—20  degrees.  Both  the  mean  and  the  lowest  winter  tenq;>erature6  are  higher  than  on 
the  coast  at  Oaspe,  Father  Point,  €ap-Chat,  etc.  The  highest  temperature  recorded 
— 87  degrees— was  in  August,  1920.  July  1919  showed  a  temperature  of  83  degrees; 
August,  1918,  a  temperature  of  79  degrees. 

The  following  table  shows  the  monthly  precipitation  at  the  Federal  mine,  the 
snowfall  being  reckoned  as  10  inches  of  snow  to  1  inch  of  rain. 


Year 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1918 

2-82 
2*85 
6-43 
714 

5-58 
224 
3-52 
7S5 

213 
3-47 
601 
471 

228 
3*38 
2-93 
3-55 

1-85 

1919 

0-29 

280 

3. 10 
310 
5-41 

0-80 
270 
019 

140 
0-72 
1-25 

3-60 
1-39 
2-20 

1-88 
10-56 
2-87 

1920 

5*00 

1921 

330 

120 

4*05 

The  only  year  for  which  there  is  a  complete  record  is  1921,  when  the  total  precipi- 
tation amounted  to  4i3-52  inches.  The  incomplete  record  for  1920  shows  over  42*86 
inches.  Eleven  months  of  1919  show  a  precipitation  of  25-71  inches.  The  months 
in  which  the  greatest  amount  of  rain  falls  seem  to  be  July,  August,  and  September. 
Complete  snowfall  records  are  available  for  only  two  winters.  The  winter  of  1918-19, 
Norember  to  April,  showed  a  snowfall  of  86-8  inches:  the  winter  of  1920-21,  Deoem- 
ber-March,  had  a  snowfall  of  122  inches. 

About  two  acres  of  the  hill  on  which  the  Federal  mine  buildings  are  located  is 
planted  with  vegetables.  Potatoes  grow  to  a  large  size,  yield  abundantly,  and  are 
of  excellent  quality.  The  plateau  region  of  the  interior  of  Oaspe  seems  to  be  as  weH 
adapted  for  agricultural  purposes  as  the  littoral,  once  the  difficulties  of  commumcation 
and  clearing  the  land  are  overcome. 

The  population  of  Oaspe  coast  along  Chaleur  bay  is  engaged  in  agriculture,  fishing, 
and  lumbering.  Settlements — >both  French  and  English  speaking— extend  xtp  Casca- 
pedia  valley  for  6  miles  above  Oascapedia  station.  There  are  no  settlements  in  the 
interior  of  the  peninsula. 

When  sinking  operations  were  commenced  there  were  no  local  men  with  experience 
in  that  class  of  work  and  miners  were  brought  from  Nova  Scotia.  Subsequently, 
however,  local  labour  was  employed  and  a  number  of  men  received  a  training  in 
practical  mining. 

The  country  is  for  the  roost  part  well  timbered,  but  the  higher  summits  of  the 
central  axis  are  bare  of  trees.  Other  summits  support  a  dense  growth  of  dwarf  spruce 
often  not  more  than  5  feet  high  but  so  closely  spaced  and  with  their  branches  so 
intimately  interlocked  as  to  render  progress  most  difficult.  The  top  of  mount  Lyall 
is  covered  for  most  of  its  length  with  this  type.  Most  of  the  hogback  west  of  Ste. 
Anne  river,  and  part  of  the  ridge  east  of  Ste.  Anne  lake,  are  bare.  The  vall^s  and 
lower  interfluvial  areas  are,  however,  well  wooded.  The  most  abundant  tree  of  the 
region  is  spruce,  which  includes  the  white,  black,  and  red  varieties.  Balsam  fir 
ranks  next  to  spruce  in  importance.  Of  the  deciduous  trees,  much  the  most  important 
is  white  birch  which  grows  to  a  large  size  and  is  particularly  abundant  on  the  flat 
tops  of  the  interfluves.  In  lower  Oascapedia  valley,  maple,  cedar,  and  black  birch 
are  also  found. 

Lumbering  and  the  preparation  of  pulpwood  form  one  of  the  important  indus- 
tries of  the  peninsula,  but  in  the  area  under  discussion  no  lumbering  operations  have 
been  carried  on  except  for  the  purposes  of  mining  development. 

The  streams  of  the  area  are  small.  Should  waterpower  be  required  for  electrical 
smelting  or  for  other  purposes,  it  could  be  brought  from  the  Grand  Oascapedia  where 
there  is  throughout  the  year  a  sufficient  volume. 
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GENERAL  GEOLOGY 

OBOLOOT  OF  THE  PENINSULA 

The  following  is  a  generalized  summary  of  the  rock  succession  in  Gaspe 
peninsula: 

IDev<oiio-Carboniferou8?  Bonaventure  series 

Unconformity 
Middle    Devonian  Gaspe   sandstone  *- 

Unoonforynity 
Iiower  Devonian  Gaspe    limestones 

Silurian  Mount   Joli   massive 

Black  Capes  section,  etc. 
UnoonformUy 
Ordovician  Quebec  ^roup 

Unoonfonnity 
Precambrian  Metamorphosed  sediments  and  igneous 

roclcs. 

PalfBosoic  igneous  roclcs:  acid  and  basic  lava  flows;  acid  and  basic  sheets  and  dylces; 
peridotites.  largely  serpentinixed ;  deep-seated  acid  intrusives. 

Precambrian  Books 

The  rocks  grouped  imder  this  head  include  a  series  of  highly  metamorphosed 
sediments  and  eruptives.  They  consist  of  hornblende  and  chlorite  schists,  chloritio 
slates,  grey  gneisses  often  gametiferous»  mica  schists,  grey  quartzites,  impure  limcr 
stone  locally  interstratifled  with  bands  of  serpentine,  altered  limestone-conglomerate, 
massive  chloritio  rocks,  and  epidote-bearing  rocks  consisting  chiefly  of  quartz  and 
epidote.  The  age  of  this  series  of  rocks  is  not  definitely  known  to  be  Precambrian, 
but  they  are  so  much  more  highly  metamorphosed  than  even  the  oldest  of  the  Paheo— 
zoic  rocks  that  it  is  highly  probable  that  they  are  pre-Pakeozoic. 

Quebec  Oroup 

The  rocks  included  under  the  term  Quebec  group  are  considered  to  range  in  ago 
from  Oambrian  to  late  Ordovician.  They  consist  of  red,  green,  and  grrey  shales, 
black  graptolitic  shales,  grey  and  green  sandstones,  grey  limestone  and  limestone- 
conglomerate.  These  rocks  form  a  broad  band  along  the  St.  Lawrence  Eiver  side  of 
Gaspe  peninsula.  Another  area  occurs  on  the  southeast  coast  in  the  vicinity  of  cape 
Macquereau  and  Grand  Pabos.  They  were  folded  locally  and  suffered  erosion  before 
the  deposition  of  the  Gaspe  limestones. 

Silurian 

Just  how  much  Silurian  is  exposed  in  Gaspe  is  one  of  the  unsettled  probleme 
in  connexion  with  the  geology  of  the  peninsula.  Considerable  areas  of  the  interior 
have  been  mapped  as  Silurian,  but,  as  will  be  shown  later,  it  is  probable  that  most 
of  these  are  really  Lower  Devonian.  Undoubted  Silurian  rocks,  however,  do  occoji. 
At  Perc6,  the  Mount  Joli  massif  is  Silurian.  At  Black  Gapes,  also,  there  is  a  section 
showing  a  thickness  of  over  7,000  feet  of  Silurian  rocks,  the  thickest  Silurian  section 
in  America.  The  lower  strata  of  this  section  contain  abundant  Niagara  fossils;  the 
upper  part  shows  evidence  of  having  been  deposited — ^partly  at  least — ^under  sub- 
aerial  conditions,  and  ie  probably  of  delta  origin. 

Oaspe  Limestones 

The  Gaspe  limestones  of  Logan  were  classed  by  him  as  Silurian.  Later  work, 
however,  has  shown  them  to  be  Lower  Devonian.    Clark  divides  them  into  three  divi- 
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sions  based  on  lithological  and  faunal  characteristics.  The  lowest  is  the  St.  Alban 
beds  consisting  of  calcareous  shales;  conformably  above  these  are  the  Bon  Ami  beds 
consisting  of  magnesian  limestones  and  containing  but  few  fossils.  The  upper 
member,  also  conformable  to  the  rest»  is  the  Ghrand  Gr^e  limestone;  it  contains  an 
abundant  fossil  fauna  of  Heldeiberg-Oriskany  types.  Logan  estimated  the  thickness 
of  these  rocks  at  2,000  feet,  of  which  the  Grand  Qr^e  beds  include  600  feet 

Oaspe  Sandstone 

The  Gkispe  sandstone  covers  wide  areas  of  the  interior.  In  fact  the  areas  coloured 
as  Devonian  on  areal  mtps  of  the  peninsula  really  mean  this  series,  and  the  areas 
coloured  Silurian  are  largely  at  least  Lower  Devonian.  The  series  was  stated  by  Logan 
to  have  a  thickness  of  7,036  feet  It  is  very  homogeneous,  consisting  of  grey,  drab, 
and  reddish  sandstones  with  some  shaly  and  conglomeratic  beds.  Some  of  the  lower 
beds  contain  a  marine  fauna  of  apparent  Hamilton  age.  Certain  horiz(»is  contain 
great  numbers  of  fossil  plants,  chiefly  Psilophyton  species.  Near  the  middle  of  the 
section  there  is  a  bed  of  coal  from  1  to  8  inches  in  thickness.  The  Oaspe  sandstoned 
are  folded  up  with  the  (Jaspe  limestones  on  the  coast.  There  is  apparently,  however, 
a  slight  angular  unconformity  between  the  two  series.  The  fact  that  in  ^e  interior 
of  the  peninsula  the  sandstone  series  is  as  a  rule  less  deformed  than  the  limestones, 
suggests  a  period  of  movement  between  the  deposition  of  the  two  series.  Flows  and 
intrusions  of  igneous  rocks  are  associated  with  the  sandstones. 

Bonaventure  Series 

Bordering  Chaleur  bay  an  horizontally-lying  formation  known  as  the  Bonaventure 
series  rests  unconformably  on  the  older  Pakeozoio  rocks.  It  is  coarsely  conglomeratic 
and  its  deep  red  colour  makes  it  a  very  conspicuous  feature  of  the  Ghispe  coast  Mount 
Ste.  Anne  at  Perc6  and  Bonaventure  island  are  composed  of  this  formation.  It  con- 
tains numerous  fossiliferous  boulders  of  Gaspe  limestones,  but  its  matrix  has  not  been 
found  to  contain  any  fossils  from  which  the  age  of  the  series  may  be  definitely  deter- 
mined. It  is  certainly  later  than  the  period  of  Devonian  deformation,  and  has  been 
classed  by  some  authors  as  Upper  Devonian,  by  others  as  Lower  Carboniferous.  The 
series  has  a  thickness  of  at  least  1,200  feet 

Igneous  Bocks 

Flows  and  dykes  of  basic  composition  are  numerous  in  the  (Jaspe  sandstone  series. 
In  the  interior  of  the  peninsula  there  are  also  acid  flows,  sheets,  and  dykes,  deep-seated 
acid  intrusives  represented  by  dykes  and  stocks  of  syenite,  and  the  granite  bathoHth 
of  Tabletop  mountain.  Three  areas  of  serpentine,  also,  occur.  The  largest  is  the 
Mount  Albert  mass,  which  is  12  miles  long  and  has  a  greatest  width  of  3i  miles.  A 
second,  forming  South  mountain,  lies  about  12  miles  west  of  mount  Albert.  It  has 
a  length  in  an  east  and  west  direction  of  about  2^  miles  and  a  width  of  |  mile.  A 
third  and  smaller  area  is  found  on  Dartmouth  river.  These  rocks  are  apparently 
intrusive  into  the  sedimentary  rocks  of  the  region  and  hence  are  post-Lower  Devonian 
in  age. 

OSOLOGT  OF  THE  HAP-ABEA 

The  consolidated  rocks  of  the  map-area  consist  of  sediments,  volcanics,  and 
intrusive  rocks  of  both  hypabyssal  and  deep-seated  varieties.  The  following  is  the 
succession : 

Porphyry,   granite,   syenite 

IntruHve  contact 
Gaspe   sandstone 
Basic  and  add  voloanics 
Shales   and   limestones 


Digitized  by 


Google 


83d 

I 

Shales 

The  oldest  rocks  in  the  vicinity  of  the  Federal  mine  are  aediments,  which  con- 
sist largely  of  shales  exposed  in  several  of  the  streiun  beds,  in  cuttings  for  the  mine 
roads,  in  prospect  pits,  and,  best  of  all,  in  the  underground  workings.  The  shaltas 
vary  from  grey  and  greenish  to  black;  weathered  fragments  are  comnoonly  light 
grey.  They  frequently  show  a  distinct  colour  banding,  each  band  differently  tinted. 
The  1)eds  are  mostly  thin,  varying  from  a  fraction  to  an  inch  to  over  6  inches.  Small 
amounts  of  sandy  material  are  interbanded  with  the  argillaceous  beds.  Limestone 
beds  and  calcareous  shale  horizons  are  numerous.  In  places  the  limestone  associated 
with  the  shales  is  black  and  contains  abundant  crinoid  stems.  Near  the  mine  the 
strike  of  the  sediments  varies  considerably  but  has  a  general  east  and  west  direction, 
with  a  dip  to  the  south  of  from  30  to  70  degrees.  The  shales  have  been  broken  up 
by  earth  movements.  In  places  breccias  composed  of  angular  fragments  of  all  siaes 
and  shapes  are  formed;  in  other  places  the  beds  are  finely  jointed  and,  locally,  even 
a  cleavage  is  developed  across  the  bedding  planes. 

Limestones 

As  already  mentioned  limestone  is  found  interbedded  with  the  shales  at  the 
Federal  mine.  This  variety  is  massive,  dark  grey  to  black,  and  weathers  brownish. 
From  the  hill  on  which  the  mdne  bunk-house  is  built  the  following  fossils  were  col- 
lected: 

Crinoid  stems 

CcBlospira  ooncava 

Meristella   cf.    champlani 

Leptostrophia  hlaitivUli 

From  a  boulder  in  the  brook  at  the  foot  of  the  hill  Fenestella  and  crinoid  stems 
were  collected. 

The  sediments  in  the  northern  part  of  the  map-area  are  dominantly  limestones, 
and  are  well  exposed  on  nearly  all  the  streams.  In  places  vertical  cliffs  50  to  100 
feet  high  are  to  be  seen.  The  rock  consists  of  grey  limestone,  thin  to  thick  bedded, 
and  locally  fossiliferous. 

An  outcrop  west  of  the  Ste.  Anne  trail  supplied  the  following  fossils: 

Atrypa  retioulariB 
Spirifer  murohitani 
ga9pen9i9 
'*        ar'enoaus 
Orthothetea  (BohueherteUa)  hecraftenaU 
Aetinopteria  sp. 
Lentaculitea  elongatua 
Phacops  logani 

Kindle  reports  that  this  fauna  represents  an  early  Devonian  horizon.  "  Probably 
all  the  forms  collected  are  from  the  Bon  Ami  and  the  Gband  Or^ve  limestones,  sub^ 
divisions  of  Logan's  Oaspe  Limestone  series. 

Limestone  outcrops  on  the  streams  that  join  Ste.  Anne  river  from  the  southfeast 
below  lake  Ste.  Anne.  The  beds  average  2  or  3  inches  in  thickness.  There  is  only 
a  little  shale  but  a  great  deal  of  sandy  rock,  and  at  one  place  sandstone  is  abundantly 
interbedded  with  the  limestone.  A  fragmental  rock,  also,  of  apparently  pyroclastic 
origin,  was  found  at  a  point  about  3,000  feet  east  of  the  Ste.  Anne. 

Oaspe  Sandstone 

The  southwestern  part  of  the  map-sheet  is  covered  by  a  greywac^e  formation 

,  which  is  equivalent  to  what  on  the  coast  has  been  termed  the  Oaspe  sandstone.    In 

this  area  it  rests  on  a  thick  mass  oi  basic  volcanic  rocks  which  will  be  described 

subsequently.     The  series  is  coarse,  in  places  conglomeratic.    It  varies  from  green 
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and  drab  to  reddisk  It  apparently  conBiata  partly  at  leaet  of  •weathered  Tolcanic 
materiaL  It  is  coarsely  bedded  and  locally  croesbedded.  Some  of  the  finer  layem 
show  ripple-marking.  A  few  fossils  collected  from  the  area  proved  to  be  brachio- 
pods  and  lamellibranchs.  The  lower  horizons  of  this  eeriee  on  York  river  contain 
an  abundant  fauna  which  has  been  described  by  Clark.  Kindle,  reporting  on  the 
'writer's  v3ollection,  says  the  fossils  represent  a  Hamilton  horizon  but  include  a  few 
Oriskany  forme  which  are  apparently  survivals  of  an  early  Devonian  sea  and  came 
from  another  regrion.  In  an  outcrop  on  the  Federal  mine  road,  2>|  miles  south  of 
the  mine,  some  fossil  plant  remains  were  collected  on  which  W.  A.  Bell  reports, 
'^The  plant  material  is  preserved  poorly  as  flattened  carbonized  residues,  and 
imprints  of-  dichotomously  branching  stems.  They  clearly  are  referable  to  the 
Devonian  group  of  Psilophyton  Dawson.  The  stems  are  smooth  or  irregularly 
furrowed,  but  there  are  imprints  that  are  definitely  costate.  No  spinous  appendages 
are  present  as  in  P.  princepa  var.  omatum  Dawson,  and  the  resemblances  to  the 
stems  from  Gampbellton,  NJB.,  figured  by  White,  are  quite  dose.  The  latter  were 
included  by  Dawson  in  his  Psilophyton  princeps.  On  the  other  hand  the  present 
stems  may  be  identical  with  Psilophyton  rohusHus  Dawson,  the  poor  preservation 
and  the  absence  of  fructifications  prohibiting  further  comparisonsi" 

The  beds  along  the  mine  road  lie  horizontally  in  striking  contrast  to  the  folded^ 
faulted,  and  breciated  shales  and  limestones  at  the  mine.  In  one  of  the  streams 
entering  Brandy  brook  there  are  also  outcrops  of  arkose  which  lies  flat.  Here,  more- 
over, are  beds  containing  shale  pebbles  up  to  an  inch  in  diameter,  mostly  rounded 
and  flat  and  apparently  of  the  same  character  as  the  shales  found  in  place  at  the 
Federal  mine.  There  appears  to  be  no  doubt,  therefore,  that  the  Gkspe  sandstone 
of  the  map-area  was  deposited  later  than  much  at  least  of  the  deformation  which 
disturbed  the  rocks  of  the  region,  and  that  there  was  also  a  period  of  erosion  as  well 
as  deformation  between  the  deposition  of  the  ishales  and  limestones  and  deposition 
of  the  clastic  rocks.  The  intimate  association  of  the  fragmental  !beds  with  the  flows 
iind  dykes  of  basic  rocks  shows  also  that  the  period  in  which  they  were  laid  down 
was  also  one  of  igneous  activity. 

As  to  the  origin  of  the  Gaspe  sandstone,  its  invertebrate  fossils  are  marine 
forms,  but  are  limited  to  a  few  horizons  and  are  abundant  only  in  certain  beds 
towards  the  base  of  the  series.  Plant  remains  are  found  throughout  a  much  wider 
stratigraphic  rangs  and  the  forms  are  Psilophyton,  which  are  now  known  to  be 
terrestrial  iilants.  The  series,  therefore,  was,  apparently,  deposited  largely  under 
terrestrial  rather  than  under  marine  conditions.  The  character  of  the  sediments  leads 
to  the  same  conclusion.  The  series  is  dominantly  clastic.  The  beds  consist  of  sand- 
stone which  is  commonly  ^kosic  and  often  conglomeratic.  One  bed  of  conglomerate 
described  by  Logman  has  a  thickness  of  156  feet.  There  are  only  subordinate  amounts 
of  shale  and  no  limestone.  The  series  is  probably  over  5,000  feet,  a  fact  which  in 
conjunction  with  the  wide  areal  extent  of  the  series  points  to  a  continental  origin. 
The  formation  is  .crossbedded  and  ripple-marked.  Its  reddish  colour  suggests  deposi- 
tion under  conditions  in  'which  oxidation  kept  pace  with  accumulation,  i.e.  subaerial 
rather  than  marine.  It  is  probable,  therefore,  that  the  series  was  deposited  as  deltas 
and  ak>ng  river  flood-plains  rather  than  along  a  coast  or  in  arms  of  a  sea.  At  times 
marine  floods  mtoy  have  extended  ixp  the  valleys. 

Part  of  this  clastic  material  was  nndoubtedly  derived  from  local  volcanic  rocks; 
its  lithological  character  and  great  thickness,  however,  suggest  that  much  of  it  was 
derived  from  some  granitic  terrane  which  was  undergoing  erosion.  The  pre- 
Devonian  rocks  of  Gaspe,  including  even  the  Precambrian  varieties,  are  not  such  as 
would  give  an  arkosio  type  of  sediment  The  granite  batholith  of  the  interior  of  the 
peninsula  or  that  of  New  Brunsfwick  has  not  as  yet  been  imroofed.  It  seems  necessary 
to  conclude,  therefore^  that  much  of  the  material  from  which  the  series  was  built  up 
was  derived  from  (the  Precambrian  granite  country  north  of  the  St.  (Lawrence.  If 
this  conclusion  be  correct,  it  follows,  that  in  pre-Oaspe  time  the  drainage  across  the 
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Gkispe  region  JxmBt  have  been  in  a  general  south  or  southeast  direction.  A  detailed 
mapping  of  the  area  throughout  the  entire  peninsula  with  fuller  information  as  to 
lithology  and  thicknesses  might  perhaps  determine  whether  this  theory  of  deposition 
along  north  and  south  lines  is  correct 

Basic,  Volcanics 

Basic  volcanic  rocks  cov«r  about  60  per  cent  of  the  map-area.  They  overlie  the 
shales  and  limestones  and  are  in  turn  overlain  by  the  Gaspe  sandstone  of  the  south- 
western part  of  the  sheet.  Qood  exposures  of  these  rocks  are  numerous.  They  out- 
crop along  the  new  mine  road  and  the  old  road  along  Berry  !Bfiountain  brook.  At 
what  is  known  as  the  Narrows,  Berry  Mountain  brook  flows  through  a  narrow  gorge 
of  these  rocks  and  almost  vertical  difls  border  Brandy  brook  at  one  point.  At  several 
places  low  difPs  border  Ste.  Anne  river.  These  rocks  are  the  hardest  of  the  region 
and  almost  all  the  abrupt  slopes,  except  a  few  limestone  cliffs,  are  formed  of  them. 
The  ridge  southwest  of  lake  Ste.  Anne,  whose  summit  can  just  be  seen  from  the 
Federal  mine,  consists  entirely  of  these  basic  rocks. 

The  rocks  present  considerable  variations.  Some  are  dense  and  black;  other;) 
are  distinctly  porphyritic  with  laths  of  feldspar  in  a  dense  matrix.  Amygdaloidal 
varieties  are  seen  in  a  number  of  localities.  Qood  exposures  of  this  type  are  to  be 
found  on  the  old  mine  road  and  in  the  Narrows  of  Berry  Mountain  brook.  Some 
of  the  amygdaloidal  varieties  are  also  porphyritic.  On  the  graded  road  about  2  miles 
south  of  the  Federal  mine,  a  dense  black  amygdaloidal  lava  contains  numerous 
phenocrysts  of  white  plagioclase.  Many  of  the  amygdules  which  consist  largely  of 
calcite  have  a  greenish  border  composed  of  the  chlorite,  delessite.  They  are  commonly 
flattened  oval  masses  and  some  of  them  reach  a  length  of  over  one  inch.  Some  of 
the  smaller  amygdules  are  completely  filled  with  delessite.  Quartz  also  serves  as  an 
amygdule  filling,  but  in  minor  amounts.  One  amygdule  2  inches  in  diameter  was 
found  lined  with  agate  layers  and  with  the  interior  filled  with  quarts  crystals  pointing 
towards  the  centre.  At  one  place  near  the  mine  road  a  large  erratic  composed  of 
basic  rock  shows  good  ellipsoidal  structure.  No  similar  structure  was  seen  in  place, 
although  the  rock  is  evidently  part  of  this  same  series  and  of  local  origin.  Some  of 
the  flow  rocks  weather  reddish-brown. 

Thin  sections  of  the  basic  rocks  show  a  considerable  range  of  types.  The  steep 
slopes  opposite  the  Federal  mine  consist  of  a  dark,  dense  rock  with  si^all  phenocrysts 
of  feldspar.  Some  of  these  plagioclase  phenocrysts  are  clear;  others  contain  a  great 
amount  of  iron  ore  inclusions.  The  main  mass  of  the  rock  consists  of  augite  crystals 
penetrated  in  all  directions  by  laths  of  labradorite.  A  little  olivine  is  present,  partly 
altered  to  serpentine.  Considerable  amounts  of  chlorite  are  also  present;  some  of  it 
is  dark  green  with  sharp  outlines  and  is  apparently  primary.  Iron  ore  is  present  in 
considerable  amoimts.  It  is  largely  magnetite  but  a  little  hematite  is  also  seen.  This 
is  the  only  section  studied  in  which  olivine  was  found  to  be  present  A  number  of 
other  sections  show  a  typical  ophitic  texture  with  no  phenocrysts  present  and  with 
almost  all  the  augite  altered  to  a  pale  green  chlorite.  A  section  from  the  black  volcanic 
rock  at  the  Narrows  shows  a  similar  type,  but  in  addition  some  small  shreds  of  reddish- 
brown  biotite. 

The  basic  rocks  are  locally  mineralized.  In  the  amygdaloidal  variety  at  the 
narrows  of  Berry  Mountain  brook  cubes  of  galena  are  found  in  places  in  the  calcite 
amygdules.  At  another  place  on  the  mine  road  small  veins  of  calcite  containing 
galena  were  found  in  basic  flow  rocks. 

Acid  Volcanics 

Acid  volcanic  rocks  occur  at  a  number  of  places  in  the  mai>-area.  In  places  they 
are  associated  with  basic  flows  and  are  undoubtedly  part  of  the  same  period  of 
volcanic  activity.    In  most  places  it  wae  not  found  possible  to  separate  the  two  types 
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owing  to  lack  of  exposures  and  to  local  resemblances  of  types.  For  example,  certain 
dense  black  rocks  on  dose  examination  are  found  to  bave  pbenocrysts  of  quartz  and 
under  tbe  microscope  are  foimd  to  be  quartz-porpbyries.  One  area.  However,  of  a 
reddisb  acid  volcanic  on  tbe  top  of  mount  Lyall  is  so  sbarply  marked  off  from  tbe 
underlying  basic  valcanics  tbat  it  was  mapped  separately.  On  tbe  lower  slopes  of 
tbe  same  mountain  tbin  flows  of  grey  volcanic  rock  were  found  associated  witb  tbe 
basic  rocks  ^but  in  exposures  too  small  to  be  represented  on  tbe  map. 

Tbe  acid  volcanic  on  tbe  summit  of  mount  Lyall  is  a  dense  yellow  to  reddisb  rock 
containing  small  pbenocrysts  of  quartz  and  pink  feldspar  and  is  to  be  classed  aa  a 
rbyolita  In  places  it  sbows  good  sbeet  jointing.  In  tbin  section  tbe  pbenocrysts  are 
seen  to  condist  of  quartz  and  ortboclase.  Some  of  tbe  quartz  crystals  sbow  sbarp 
crystal  outlines,  otbers  sbow  corroded  borders.  Tbe  feldspar  pbenocrysts  are  com- 
monly long,  tabular  crystals  of  ortboclase.  Tbe  groimdmass  in  some  sections  is  a 
brownisb  glass,  in  otbers  it  is  cryptocryetalline. 

Tbe  reddish  rhyolite  tbat  forms  tbe  summit  of  mount  Lyall  is  underlaid  by  dark- 
coloured  vdcanics,  associated  witb  wbicb  are  some  acid  flow  rocks.  Tbese  acid  rocks 
outcrop  at  an  elevation  of  2,100  feet  in  tbe  beds  of  streams  wbicb  flow  down  tbe  cirque 
of  mount  Lyall.  In  band  specimen  tbe  rock  is  ligbt  grey  to  pinkisb.  In  places  it 
sbows  banded  lines  of  flow.  Otber  specimens  contain  small,  round  or  irregularly- 
sbaped,  masses  of  cbalcedony.  Still  otbers  contain  vugs  filled  witb  agates.  In  tbe 
sballow  bay  immediately  soutbwest  of  tbe  second  narrows  on  lake  Ste.  Anne  many 
agate-filled  vugs  were  collected,  some  of  tbem  over  4  inches  in  diameter. 

In  tbin  section  tbe  groundmass  of  this  variety  is  seen  to  be  cryptocrystalline,  and 
probably  represents  a  devitrified  glass.  Cbaflcedony  is  abundantly  present  as  brownish 
radiating  fiibres.  Small  agate-filled  cavities  are  also  to  be  seen  in  tbe  section.  One 
of  these  extends  across  tbe  section  as  a  long,  narrow  vein.  Small  amounts  of  iron  ore 
are  also  present.  The  rock  is  an  acid  flow  which  has  been  acted  upon  by  siliceous 
^solutions. 

Acid  Hypdbyssal  Rochs 

Porpbyritic  rocks  of  many  varieties  are  found  throughout  the  map-area.  Many 
of  them  occur  as  dykes ;  others  of  greater  size  are  apparently  sills  or  stocks.  In  most 
cases  there  are  not  enough  outcrops  to  determine  the  exact  boundaries  of  these  masses 
or  their  exact  relationship  to  the  intruded  rocks.  Some  of  them  approach  in  appear- 
ance the  rock  which  forms  the  summit  of  mount  Lyall  and  which  has  been  described  as 
an  extrusive.  They  are  apparently  of  the  same  general  composition  as  this  rock  and 
of  similar  composition  also  to  some  of  the  deep-seated  acid  rocks  which  will  be 
described  later.  They  were  intruded  near  the  earth's  surface,  in  some  places  following, 
in  other  places  cutting  across,  the  structural  planes  of  the  intruded  rocks. 

One  of  the  largest  areas  forms  a  hill  over  2,300  feet  high,  about  1}  miles  north  of 
the  Federal  mine.  The  rock  is  a  dense  reddish  variety  showing  pbenocrysts  of  quartz 
and  feldspar.  In  thin  section  some  of  the  quartz  pbenocrysts  show  crystal  outlines, 
others  slightly  corroded  borders.  The  feldspar  is  orthodase.  Pale  green  hornblende, 
secondary  after  either  hornblende  or  biotite,  is  present  and  also  some  iron  ore.  The 
groundmass  of  the  rock  is  microcrystalline  consisting  of  quartz  and  ortboclase. 
Numerous  dykes  throughout  the  area  show  similar  features.  In  some  the  pbenocrysts 
visible  to  the  naked  eye  consist  entirely  of  pink  ortboclase. 

Basic  Hypdbyssal  Rochs 

As  already  mentioned,  many  of  the  basic  rocks  show  a  distinct  porpbyritic  texture. 
In  many  cases  these  types  are  known  to  be  extrusives  because  of  their  amygdaloidal 
structure  and  field  relationships:  some  may  be  hypabyssal  intrusives.  Many  of  the 
sections  studied  show  a  coarse  ophitic  texture  characteristic  of  diabase.  Diabase 
dykes  that  cut  the  Devonian  and  older  rocks  are  known  in  many  places  throughout 
Oaspe  peninsula  and  some  of  the  basic  rocks  have,  probably,  intrusive  relationships 
to  the  older  rocks. 
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Plutonic  Rocks:  Oraniie 

The  northeastern  part  of  the  map-area  is  underlain  by  the  aouthwestem  part  of 
a  granite  batholith  which  forms  Tabletop  mountain.  This  batholith,  as  outlined  on 
the  older  geological  maps  of  the  peninsula,  has  a  length  in  a  north  and  south  direction 
of  17  miles  and  an  average  width  of  4  miles.  It  forms  the  highest  land  of  Qaspe 
peninsula  and  is  rather  striking  in  the  fact  that  its  longer  axis  cuts  directly  across 
tlie  structure  of  the  sedimentary  rocks. 

The  part  of  the  batholith  contained  in  the  map-area  is  intrusive  towards  the 
limestone  and  the  volcanic  rocks.  The  rock  is  even  grained,  but  locally  shows  a 
tendency  to  porphyritic  texture.  It  varies  from  grey  to  reddish  and  becomes  progres- 
sively coarser-grained  as  one  progresses  from  the  contact  with  the  intruded  rocks 
towards  the  interior  of  the  intrusive. 

A  good  exposure  of  the  contact  phase  of  the  granite  is  exposed  on  Ste.  Anne 
river  juet  below  where  the  river  tradl  crosses  to  the  east  aide  of  the  stream.  The  rock 
is  dense  and  massive,  and  light  grey,  resembling  limeetone  in  appearance,  but  holding 
small  crystals  of  feldspar.  In  thin  section  the  rock  is  seen  to  be  distinctly  porphyritic. 
The  phenocrysta  consist  chiefly  of  orthoclase,  but  some  oligoclase  is  also  present.  Some 
of  the  orthoclases  show  sharp  crystal  boundaries,  and  Carlsbad  twinning  is  present  in 
many.  The  feldspars  are  all  partly  altered.  One  large  phenocryst  of  quartz  with 
oorroded  borders  is  present  in  the  section.  Some  pale  green  chlorite  represents  the 
original  ferromagnesian  mineral,  probably  hornblende.  The  section  also  shows  small 
irregular  masses  of  carbonate  which  may  represent  incompletely  digested  fragments 
of  the  intruded  rock.  The  groundmase  of  the  rock  is  microcrystalline  and  consists 
of  quartz  and  orthoclase.    Small  amounts  of  iron  ore  are  present. 

The  hogback  west  of  Ste.  Anne  river  in  the  northern  part  of  the  map-area  shows 
a  slightly  coarser-grained  phase  of  the  same  rock.  In  places  it  is  greyish,  in  places 
<listinctly  pink.  Small  individual  crystals  and  cleavage  surfaces  of  feldspar,  minor 
amoimts  of  quartz,  and  small  dark  specks  representing  the  ferromagnesian  consti- 
tuents can  be  distinguished  in  hand-specimens.  In  thin  section  the  rock  is  seen  to 
<:onsist  of  feldspar  and  quartz  crystals  in  a  matrix  composed  of  smaller  crystals  of 
the  same  minerals.  The  feldspars,  which  are  all  more  or  less  altered,  consist  domi-  . 
nantly  of  orthoclase  but  with  a  little  acid  plagioclase.  Quartz,  though  fairly 
abundant  as  large  crystals  of  irregular  outline  and  as  smaller  fragments  in  the  matrix, 
is  much  less  common  than  the  feldspar.  The  ferromagnesian  constituent  is  hom- 
l>lende,  which  is  largely  altered  to  chlorite.  The  rock  is  on  the  border-line  between 
gpranite  and  syenite. 

On  the  ridge  northeast  of  lake  Ste.  Anne  the  intrusive  shows  a  gradual  coarsen- 
ing of  grain  from  the  contact  with  the  limestone  and  volcanics  towards  the  interior 
of  the  mass.  Away  from  the  contact  it  has  a  typical  granitic  texture.  The  most 
abundant  mineral  is  feldspar,  comprising  orthoclase  and  albite  in  about  equal 
amounts.  Graphic  intergrowths  of  orthoclase  and  quartz  are  also  abundant.  Quarts 
is  present,  but  is  much  lees  abundant  than  the  feldspar.  Hornblende,  also,  largely 
altered  to  chlorite,  is  present.  Iron  is  an  accessory  constituent.  The  texture  is 
fairly  even  grained  and  typically  granitic. 

This  batholith  appears  to  have  produced  but  little  contact  metamorphic  effects. 
Ko  actual  contacts  between  the  intruded  and  the  intrusive  rocks  were  observed,  but 
the  intruded  rocks  near  the  granite  intrusions  have  not  been  greatly  altered. 

Syenite 

Syenite  intrusions  occur  at  a  number  of  places  in  the  neighbourhood  of  the 
staked  claims.  Most  of  them  are  linear  bodies  or  dykes;  others  are  of  the  nature  of 
small  stocks  cutting  the  shales  and  limestones. 

In  hand  specimen  the  rock  is  as  a  rule  reddish,  due  to  the  presence  of  ortho- 
•clase  feldspar.    It  is  fairly  coarse  grained ;  individual  feldspar  crystals  reach  a  length 
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of  over  half  an  indi.  At  one  place  in  the  dyke  immediately  northwest  of  the  Federal 
mine,  Oarkbad  twinfi  of  orthoclase,  half  an  inch  in  length,  can  be  picked  out  of  the 
w'eathered  rock.  Many  of  the  feldspar  crystals  are  long  and  lath-shaped.  There  is 
no  quartz  in  the  sections  studied,  but  considerable  quantities  of  dark  ferromagnesiaQ 
minerals  are  present. 

All  the  sections  of  these  rocks  proved  to  be  badly  altered.  The  freshest  was 
from  a  specimen  collected  from  the  small  stock  abourt  half  a  mile  southwest  of  the 
Federal  mdne.  This  is  a  coarse-grained  rock  with  granitic  texture.  The  feldspar  is 
largely  orthoclase.  6ome  striated  feldspar  of  the  composition  of  oligoclase  is  also 
faii^  abundant.  The  hornblende  is  almost  all  altered  to  i>ale  green  chlorite.  One 
crystal  of  colourless  augite  is  also  present  in  the  section.  Both  magnetite  and  pyrite 
are  abundant  as  accessory  minerals. 

Serpentine 

To  the  north  of  the  map-area  lies  a  large  mass  of  serpentine  through  which  the 
south  branch  of  Ste.  Anne  river  has  cut  a  channel.  A  reconnaissance  trip  was  made 
to  the  summit  of  mount  Albert  to  see  this  belt  of  rocks.  On  the  summit  the  rock 
is  locally  banded,  but  elsewhere  it  is  massive.  It  weathers  to  a  buff  colour,  and  the 
weathered  surfaces  in  places  show  a  coarse  mesh  structure.  Freshly-broken  surfaces 
are  dark  green  to  almost  black,  and  masses  of  green  olivine  can  commonly  be  seen. 
In  places  the  rock  has  a  coarse  fibrous  structure  due  to  the  presence  of  picrolite.  A 
little  chromite  is  associated  with  it,  but,  so  far  as  has  been  observed,  only  in  small, 
widely-scattered  pockets. 

Sections  of  specimens  collected  at  elevations  of  2,450  feet^  2,700  feet,  and  8,200 
feet  were  studied.  The  first  two  consist  almost  entirely  of  serpentine  which  has 
resulted  from  the  alteration  of  olivine.  Only  very  small  amounts  of  the  olivine  have 
escaped  serpentinization.  A  little  chromite  is  present  The  section  of  the  specimen 
from  the  top  of  mount  Albert-  shows  in  addition  to  the  seri>entini2ed  olivine  con- 
siderable quantities  of  a  pale  orthorhombic  pyroxene,  which  is  probably  enstatite.  The 
enstatite  is  altered  along  irregular  fractures  to  bastite.  This  rock  corresponds  to  the 
harzburgite  of  Eosenbusch. 

Summary  of  the  Igneoue  Roche 

The  igneous  rocks  of  the  area  are  younger  than  the  shales  and  limestones  and 
hence  are  i>ost-Lower  Devonian.  The  Gaspe  sandstone  was  laid  down  in  a  period 
of  igneous  activity.  In  the  area  mapped  the  sandstone  overlies  thick  flows  of  basic 
eruptives.  In  other  places  it  is  intruded  by  dykes  of  diabase  and  porphyry.  It  is 
probable,  therefore,  that  most  of  the  igneous  rocks  belong  to  the  Middle  Devonian, 
a  period  in  which  both  acid  and  basic  rocks  were  intruded,  some  at  depth,  others  near 
the  surface,  and  still  others  were  poured  out  of  craters  and  fissures  and  were  distributed 
over  the  country.  Whether  all  the  rocks  from  the  granite  to  the  periodotites  were 
derived  from  a  common  parent  magma  is  not  known. 

STRUCTURE 

Gaspe  peninsula  is  a  region  of  typical  Appalachian  structure,  the  rocks  beings 
thrown  into  folds  and  broken  by  both  normal  and  thrust  faults.  The  structural  trend 
is  mainly  east  and  west  forming  a  broad  curve  which  roughly  parallels  the  north 
shore  of  the  peninsula. 

The  cross-sections  on  the  map  of  Lemieux  township  (No.  1935)  show  the  structure 
of  the  area.  The  Gaspe  sandstone  and  the  volcanic  rocks  have  been  but  little 
disturbed.  The  Lower  Devonian  shales  and  limestones  have,  however,  been  folded 
and  faulted.  In  the  northern  part  of  the  area  these  rocks  form  a  gyncline  whose  axis- 
trends  in  a  general  north  and  south  direction.  Intrusion  of  the  Tabletop  batholith 
is  obviously  responsible  for  this  local  structure  being  different  from  the  regional 
structure  of  the  peninsula. 
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EOONOMIO  GEOLOGY 

LBAD-zmO 

Orown-granted  mineral  claims  of  the  area  (Map  1935)  are  held  by  two  companiesy 
the  Federal  Zinc  and  Lead  Company  and  the  North  America  Mining  Company. 
Almost  all  the  exploration  and  development  work  has  been  carried  out  by  the  former 
.company.  The  president  of  the  Federal  company  is  Mr.  T.  O.  Lyall;  the  vice-presi- 
dent and  general  manager  is  Mr.  J.  C.  Beidelman;  the  company's  headquarters  are 
at  285  Beaver  Hall  Hill,  Montreal. 

Oharacier  of  ike  Deposits.  The  depoedts  are  in  Devonian  shales  and  Ddmestones 
intruded  by  porphyry  and  syenite.  The  sediments  are  folded,  faulted,  jointed,  and 
brecciated.    There  has  also  been  movement  after  the  period  of  mineralization. 

The  country  is  covered  by  a  heavy  overburden  and  in  consequence  outcrops  are 
few.  The  presence  of  ore  is  usually  detected  by  finding  pieces  of  galena  in  the  float. 
These  sometimes  form  large  rounded  masses,  weathered  brownish;  as  a  rule  they 
have  not  travelled  far,  and  by  trenching  uphill  from  such  float,  vein  outcrops  can 
usually  be  uncovered.  In  other  cases  actual  outcrops  of  veins  are  exposed.  Most  of 
these  outcrops  consist  of  chambered  quartz  from  which  the  zinc  blende,  and  often 
also  the  galena,  has  been  leached.  The  quartz  is  white  or  perhaps  stained  brownish; 
the  amethystine  variety,  common  underground,  is  usually  bleached  white  in  the 
surface  exposures. 

In  the  form  the  deposits  are  veins,  and  like  most  veins  they  pinch  and  swell.  Li 
some  places  th^y  show  sharp  contacts  with  the  enclosing  rock,  in  other  places  there 
is  a  brecciated  zone  in  which  there  is  a  more  or  less  gradual  transition  from  massive 
vein  material  to  barren  country  rock.  In  places  the  latter  type  becomes  a  stockworks. 
Horses  of  country  rock  of  various  sizes  and  shapes  are  found  in  the  veins  and  have 
sharply-defined  borders  and  angles,  showing  that  the  solution  which  deposited  the 
vein  material  did  not  affect  the  shales. 

The  dip  of  the  veins  is  for  the  most  part  over  70  degrees.  The  larger  veins  run 
in  a  general  northeast  direction,  cutting  across  the  strike  of  the  sediments.  They 
apparently  follow  fault  and  brecciation  planes,  with  mineralization  to  a  lesser  extent 
along  joint  planes.  In  addition  there  has  been  movement  later  than  the  mineraliza- 
tion. One  fault  parallels  the  west  wall  of  the  Federal  vein,  and  180  feet  north  of 
the  north  crosscut,  the  same  vein  is  cut  off  on  the  100-foot  level  by  another  fault. 

Mineralogy  of  Deposits.  The  minerals  of  the  veins  are  sphalerite  and  galena 
in  a  gangue  of  quartz  and  carbonate.  Pyrite,  marcasite,  and  chalcopyrite  are  present 
in  very  minor  amounts.  The  sphalerite  is  for  the  most  part  light  yellow,  varying 
locally,  however,  to  a  reddish  brown,  and  is  almost  free  from  iron.  It  compares 
favourably  with  the  best  Missouri  blende. 

An  analysis  (made  by  J.  T.  Donald  and  Company,  Montreal,  for  the  Federal 
Zinc  and  Lead  Company)  of  a  sample  of  ore  gave  the  following  results: 

Per  cent 

Insoluble   and   silica. 0-35 

Iron  oxide 0-82 

Alumina 0-10 

Sulphur 32-46 

Zinc 6600 

Lead Traces 

liime None  detected 

Magnesia None  detected 

Cadmium None  detected 

In  the  surface  exposures  and  to  a  certain  extent  in  the  upper  parts  of  the  veins 
the  sphalerite  has  been  leached  out  by  surface  waters,  but  the  leaching  has  affected 
only  slightly  the  amount  of  zinc  blende  originally  xnresent.  Some  of  the  surface 
specimens  have  a  white  coating  which  consists  of  an  intimate  mixtui^e  of  zinc  silicate 
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or  calamine,  zinc  carbonate  or  smithsonite,  and  zinc  hydrated  carbonate  or  hydro- 
zincite.  A  soft,  white  kaolin  mineral  is  also  found  on  the  100-foot  level,  and  even 
on  the  250-foot  level,  but  only  in  small  amounts. 

On  the  250-foot  level  a  gpreenish-yellow  mineral  is  associated  with  the  zinc  ore 
both  in  the  veins  and  in  the  breccia.  This  mineral  was  found  to  be  an  hydrated 
silicate  of  aluminum  carrying  a  smaller  quantity  of  magnesium.  The  ratios  of  silica 
to  aluminum  and  magnesium  are  as  follows:  for  12  Si  there  are  8  Al  and  1  Mg; 
the  water  ratio  was  not  determined.  The  mineral  when  examined  under  the  micro* 
scope  was  seen  to  consist  of  low  birefringent  fibres.  The  mean  index  of  refraction 
is  1-566.  It  does  not  possess  physical  and  chemical  characters  sufficiently  well  defined 
to  place  it  in  the  mineralogical  nomenclature.  It  is  certainly  a  mineral  of  the 
kaolinite  group  carrying  in  addition  a  small  quantity  of  magnesia. 

The  galena  is  less  abundant  than  the  sphalerite,  but  there  are  places  where  it 
occurs  in  large  masses.  Being  less  soluble  than  the  sphalerite,  it  persists  in  the  upper 
parts  of  the  vein;  and  in  some  of  the  outcrops  it  occurs  in  the  quartz,  often  with  a 
reddish  brown  coating  of  iron  oxide.  The  cleavage  surfaces  range  from  minute  areas 
to  surfaces  over  2  inches  across.  In  one  vug  lined  with  small  crystals  of  dolomite 
an  excellent  galena  crystal  showing  cube  faces  truncated  by  octahedron  comers  was 
found.  Some  of  the  larger  masses  of  galena  show  strain  effects,  produced  by  move- 
ment after  the  periods  of  mineralization. 

The  chief  gangue  mineral  is  quartz,  both  white  and  amethystine.  In  places  the 
quartz  is  definitely  banded,  and  frequently  there  is  good  comb  structure.  At  one 
place  in  the  Federal  vein  there  are  six  of  the  parallel  fillings  which  show  that  at 
least  six  times  the  vein  was  closed  and  reopened  along  the  wall.  The  banded  veins 
which  show  this  comb  structure  in  the  centre  almost  always  consist  of  the 
amethystine  quartz.  In  some  places  the  central  bands  consist  of  amethystine  quartz, 
and  the  outer  part  of  white  quartz.  Dolomite  occurs  as  minor  gangue  mineral  and 
a  light  yellow  carbonate  of  the  compoadticm  of  ankerite  is  also  fairly  abundant.  On 
the  250-foot  level  are  numerous  small  stringers  of  light  pink  calcite.  Most  of  these 
are  less  than  an  inch  in  width  and  as  a  rule  cross  the  bedding  of  the  shales  at  steep 
aivglee. 

A  study  of  some  polished  sections  of  the  ore  brought  out  some  facts  with  regard 
to  its  paragenesis.  A  specimen  composed  largely  of  dark  sphalerite  was  found  to 
contain  the  iron  sulphides,  pyrite  and  marcasite,  of  which  marcasite  was  the  younger. 
The  latest  sulphide  introduced  was  galena  which  occurs  as  veins  traversing  the  other 
sulphides;  its  dei)osition  was  probably  in  the  nature  of  a  replacement.  Though 
essentially  belonging  to  one  period  of  mineralization,  there  seems  to  have  been  a 
certain  order  of  deposition  among  the  vein  minerals,  but,  undoubtedly,  the  periods 
of  deposition  of  all  the  minerals  overlapped.  The  first  period  was  largely  occupied 
by  the  deposition  of  quartz.  Then  followed  iron  and  zinc  sulphides  of  which  mar- 
casite was  the  latest.  Later  still  came  solutions  which  deposited  lead,  and,  last  of  all, 
quartz  and  carbonate. 

Origin  of  the  Deposits.  The  deposits  are  believed  to  be  genetically  related  to 
the  deep-seated  intrusive  rocks  of  the  area.  Siliceous  sulphide-bearing  solutions  from 
the  magma  in  the  later  stages  of  its  crystallization  probably  travelled  along  lines  of 
fracture  for  considerable  distances  from  their  source  and  deposited  their  sulphide 
and  silica  content  along  these  fracture  planes  and  in  brecciated  zones.  The  shales 
were  the  most  influential  in  causing  precipitation  from  solution.  Earth  movement 
continued  during  this  period  of  mineralization.  The  veins  were  repeatedly  reopened 
and  even  after  vein  deposition  ceased,  further  faulting  took  place. 

Development.  Sixteen  veins  have  been  exposed  by  surface  workings.  Only  the 
main  ones  have  'been  shown  on  the  map  of  the  region  around  the  mine  (Plate  lYB). 
All  of  these  show  ore  where  they  have  been  opened.  The  main  vein,  and  the  best 
developed,  is  the  Federal  or  No.  1.  It  has  a  known  length  of  approximately  600  feet 
and  an  average  width  of  8  feet.  In  places  it  is  considerably  wider  than  this  and  in 
addition  is  bordered  locally  by  mineralised  breccia.     Several  other  veins  intersect  it. 
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With  more  development  it  may  be  found  ihat  other  veins  compare  favourably  in  size 
and  quality  with  the  Federal  Two  of  these  possibilities  require  mention.  The  first 
is  the  McKinlay,  or  No.  16>  which  forms  a  large,  abrupt  outcrop  on  Federal  hill  900 
feet  southwest  of  No.  1  shaft  This  is  a  large  vein  whose  length  has  not  as  yet  been 
determined  by  trenching,  but  which  is  exposed  in  the  road  to  the  east  of  the  main 
outcrop.  It  has  a  width  of  60  feet  which  includes,  however,  a  horse  of  country  rock. 
The  vein  contains  high-grade  ore  and  is  bordered  on  the  nojth  by  breccia.  The  other 
possibility  is  No.  14,  or  the  Bois.  It  has  been  traced  by  trenches  and  sunk  on  for  64 
feet  The  vein  has  a  maxiTnum  width  of  18  feet  and  shows  the  usual  mineralization, 
with  the  local  addition,  however,  of  miore  chalcopyrite  than  is  present  in  the  Federal 
vein. 

Most  of  the  exploration  has  been  carried  out  from  No.  1  shaft  on  the  Federal  vein. 
This  was  originally  sunk  100  feet  on  an  incline  following  the  vein,  but  later,  a  vertical 
shaft  was  sunk  from  the  surface  to  a  depth  of  257  feet.  The  amount  of  horiiK)ntal 
workings  from  this  shaft  is  as  follows  (See  also  figure  7) : 

Drifting-^  Feet 

North   drift    (100-ft.   level) 657-8 

Drift  from  No.  1  west- crosscut  north   (100-ft.  level) 34-2 

South  drift   (No.   1   level) 860-8 

Drift    around   Federal    shaft    (100-ft.    level) 78-8 

1,1261 
VroaaouttiHff — 

No.  1  west  crosscut  north  (100-ft  level) 180-4 

No.  2       "             "      north         "            "       1640 

No.  1  east           "      north        -            "       80-0 

No.  1  west           "      south         "             "       48-0 

Adit   100-foot  level 126-8 

Adit  250-foot  level .• 1040 

West  crosscut  250-foot  level 166-0 

East  crosscut   250-foot  level 61-0 

8801 

The  Oilker  or  No.  2  shaft  has  been  sunk  to  a  depth  of  18  feet^  and  the  Bois  or 
No.  3  shaft  to  a  depth  of  64  feet 

The  rock  at  the  portal  of  the  100-foot  level  consists  of  shales,  in  heds  of  from  2 
to  4  inches  thick  striking  north  76  degrees  west  and  dipping  56  degrees  southwest 
The  rock  is  finely  jointed  and  traversed  by  small  quartz  stringers  along  the  jointing 
and  bedding  planes.  About  76  feet  from  the  portal  a  breccia  zone  12  feet  wide 
contains  a  network  of  stringers  with  some  masses  of  yellow  zinc  blende.  From  <this 
point  to  vnthin  20  feet  of  the  south  drift,  the  shales  are  poor.  This  last  20  feet» 
however,  consists  of  breccia  with  some  sphalerite. 

The  south  drift  follows  a  vein  the  foot-wall  of  which  is  sharply  defined  but  whose 
eastern  border  fades  out  into  brecciated  shale.  The  vein  as  exposed  here  is  from  6 
to  8  feet  wide  and  consists  of  quartz  and  carbonate  with  sphalerite  and  galena,  and 
numerous  smfeill  horses  of  shale  with  a  part  of  the  vein  in  the  f oot-walL  The  foot-wall 
follows  a  post-mineralization  fault  plane  marked  by  a  zone  of  crushed  shale  which 
varies  up  to  6  inches  in  width.  The  short  south  crosscut  exposes  heavily-bedded 
dark  shales.  A  little  ore  is  exposed  at  one  place  in  the  face,  but  there  is  no  definite 
vein.  Two  parallel  light-coloured  zones  of  soft  material,  i  to  fi  inches  in  width,, 
which  follow  the  bedding  planes  and  which  are  evidently  minor  shear  zones^  occur 
in  this  crosscat  '         * 

The  drift,  north  of  its  junction  with  the  adit,  cuts  through  Tein  and  mineralized 
breocia  material  (Plate  V).  In  places  the  vein  carries  a  series  of  parallel  bands  of 
amethystine  quartz  showing  a  succession  of  reopenings  and  closings.  A  large  horse 
of  shale  10  feet  long  and  ^  feet  high  ^  present  in  the  mineral  zone.  Immediately 
south  of  the  shaft  the  vein  is  from  12  to  16  feet  wide. 

At  the  north  crosscut  the  fault  plane  which  borders  the  south  drift  is  well  marked; 
li  feet  to  the  west  of  it  another  fault  is  seen  parallel  to  it    At  65  feet  along  the 
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crosscut  is  etill  a  third  fault  wliich  runa  at  ti^^t  angles  to  the  crosscut.  The  north 
crosscut  travenses  shale  in  heda  from  1  to  6  inches  in  thickness  and  contains  a  few 
stringers  of  vein  (material.  A  short  drift  from  the  north  crosscut  follows  a  vein 
6  feet  to  6  feet  wide  which  is  probably  the  undeiisround  extension  of  No.  S  vein,  and 
oarries  high  percentages  of  ore. 

North  of  the  shaft  the  main  drift  follows  the  Pederal  vein  which  here  shows 
quartz  and  ore  up  to  12  feet  in  width  bordered  by  a  zone  of  mineralized  breccia.  At 
180  feet  north  of  north  crosscut  No.  1  tiie  vein  is  cut  off  by  a  fault  plane  dipping  at 
an  angle  of  60  degrees  to  the  east  The  f aidt  plane  is  an  open  fissure  and  strikes  north 
45  degrees  west. 

North  of  this  fault  the  north  drift  foUows  a  vedn  known  as  the  porphyry  from 
the  fact  that  it  parallels  a  band  of  light-coloured  rock,  though  throughout  its  exposed 
length  there  is  a  band  of  black  shale  1  to  3  feet  wide  between  the  vein  and  the  light 
gr^y  rock.  This  rock,  which  is  approximately  50  per  cent  carbonate,  is  apparently 
a  porphyry  intrusion,  highly  altered  by  carbonated  solutions.  In  places  it  contains 
disseminated  maases  of  zinc  blende.  The  vein  has  a  width  of  from  1^  to  6  feet,  is 
bordered  by  breccia,  and, has  been  followed  for  200  feet.  It  contains  rich  zinc  and 
lead  values.  South  of  the  turn  in  the  drift,  the  vein  disappears,  but,  35  feet  east 
of  the  bend,  a  vein  3  feet  wide — a  continuation  of  the  Porphyry  vein — crosses  the  drift. 
From  here  to  the  breast  of  the  drift  the  walls  show  nothing  but  cihale  striking  north 
67  degrees  east  and  dipping  27  degrees  southeast 

North  crosscut  No.  2  is  driven  through  shales  and  dense,  dark-coloured  crinoidal 
limestone  for  55  feet  and  then  passes  into  porphyritic  syenite.  This  rock  is  fresh 
and  massive,  but  shows  local  slickensided  fractures  and  small  quartz  stringers.  North 
crosscut  No.  3  exposes  only  shales. 

On  the  250-foot  level,  a  total  length  of  226  feet  of  crosscutting  has  been  done. 
East  of  the  shaft  the  rocks  exposed  consist  of  shales  and  limestones.  These  rocks  are 
interbedded,  but  in  places  irregular  masses  of  limestone  are  surrounded  bjr  shale — 
a  condition  brought  about  by  the  deformation  of  the  beds.  Near  the  east  end  of  the 
crosscut  some  rich  ore  has  been  exposed.  On  the  north  side  is  a  vein  zone  4  to  5 
feet  wide  containing  zinc  blende  and  galena  in  large  masses  and  bordered  by  a 
broad  breccia  zone.  Directly  opposite,  on  the  south  side,  is  a  rich  zone  12  feet  wide. 
A  fault  plane  appears  on  the  roof  of  the  crosscut  on  the  north  face  and  cuts  the  south 
face  about  2  feet  above  the  floor  of  the  crosscut  The  fault  is  parallel  to  the  bedding 
of  the  shales.  Either  two  veins  have  been  brought  together  at  this  point  or  there 
has  been  faulting  across  a  vein  bringing  a  wider  part  over  a  narrower  part  The 
fault  plane  shows  a  marked  gouge  zone  and  slickensided  striations. 

West  of  the  shaft  the  crosscut  shows  a  number  of  features  of  interest.  Ten 
feet  from  the  shaft  is  a  brecciated  vein  zone  containing  ore.  Fifteen  feet  farther 
on  is  a  fault  plane  dipping  20  degrees  to  the  east  which  is  open  in  places  and  forms 
a  water  course.  Several  other  faults  are  exposed  in  this  crosscut  and  a  few  small 
veins  with  accompanying  breccia  zones.  Numerous  veinlets  of  pale  pink  calcite  here 
cut  the  shales. 

Ore  Values.  The  veins  exx>06ed  throughout  the  workings  show  good  values  in  zinc 
and  lead  ore,  and  even  the  brecciated  zones  are  in  places  rich  enough  to  be  mined. 
The  following  is  a  list  of  assays  from  samples  cut  across  the  quartz  veins  at  various 
points  and  across  some  of  the  brecciated  zones.  The  samples  were  taken  by  Dr. 
Walter  Harvey  Weed  and  are  given  here  through  the  courtesy  of  the  Federal  Zinc 
and  Lead  Company.    • 
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Samples 


No. 


Location 


Thickness 

Lead 

Feet 

% 

12 

8-4 

2-8 

9-5 

00 

0-3 

31 

0-5 

14- 1 

60 

6-6 

5-4 

3-4 

60 

0-9 

60 

09 

8-2 

1-6 

60 

2  5 

60 

30 

4-8 

2-2 

3-6 

9-5 

60 

9-2 

60 

1-2 

100 

00 

100 

00 

7-5 

00 

4-3 

00 

4  0 

02 

100 

23 

Zinc 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 
22 


Between  tunnel  and  south  drift 

Quarts-spar  vein  next  to  wall  opposite  south  drift 

Breccia,  east  of  No.  2 

Across  vein  north  end  south  drift 

South  face,  end  south  drift 

Vein  at  61  feet  south  of  inclined  shaft*  foot-wall 

Vein  at  61  feet  south  of  inclined  shaft*  hanging-wall 

Point  20  feet  north  of  No.  7,  41  feet  from  shaft,  hanging-wall 

Point  20  feet  north  of  No.  7,  41  feet  from  shaft,  hanging-wall 

At  first  crosscut  northwest  of  shaft 

30  feet  north  of  No.  10 

22  feet  north  of  No.  1 1 

30  feet  north  of  No.  12 

16-2  feet  south  of  Survey  Hub  No.  8,  20  feet  north  of  13 

12  feet  north  of  Survey  Hub  No.  8 

46  feet  north  of  Hub  No.  8 

Crosscut  to  east  breccia  at  end  of  east  crosscut 

Breccia  west  of  17 

Across  vein  over  porphyry  in  crosscut  west  for  10  feet  from  drift. 
Breccia  comer  of  east  crosscut  north  side  next  to  drift  and  to  No. 

18 

35  feet  from  east  crosscut 

12-6  feet  beyond  No.  21  opposite  fauH 


8-2 
10. 

Ill 
5-8 
4  4 
3  9 
3  6 
68 
32 

15  3 
8-3 
8-4 

15-3 
8-3 
57 
3-9 
trace 
3  3 

11 
2-7 
8-2 


"  A  composite  sample  representing  equal  parts  of  material  from  twelve  cuts  across 
the  Federal  vein  from  the  extr^ne  south  end  to  the  northernmost  point  exposed 
shows  3-8  per  cent  lead  and  7*9  per  cent  zinc  with  9-46  per  cent  lime  and  43*85 
per  cent  silica.  This  composite  sample  is  considered  as  representative  since  it  checked 
up  closely  with  the  calculated  average  of  the  individual  assays  and  it  may  be  accepted 
as  an  average  for  the  entire  vein  so  far  as  exposed  underground". 

The  assays  show  that  the  lead  content  of  the  veins  and  brecciated  zones  varies 
from  nothing  up  to  14  per  cent  and  the  zinc  up  to  16  per  cent. 

Conclusion  Regarding  Deposits,  The  development  which  has  been  carried  out  do 
far  indicates  that  there  is  a  large  quantity  of  ore  in  sight.  With  regard  to  the 
persistence  of  the  veins  in  depth,  vein  outcrops  have  been  foimd  ^oughout  a  vertical 
range  of  560  feet,  this  being  the  difference  in  elevation  between  a  vein  exposed  in  a 
cut  for  a  road  in  the  valley  bottom  and  that  of  the  outcrops  on  Ae  summit  of  Federal 
hill.  It  is  probable  that  such  strong  veins  as  the  Federal,  the  Porphyry,  the  MeKinlay, 
and  others  extend  to  much  deeper  than  this.  It  is  commonly  assumed  that  a  vein 
is  as  deep  as  it  is  long ;  hence,  a  depth  of  1,000  feet  or  even  considerably  more  is  quite 
to  be  expected.  Should  this  prove  to  be  the  case  the  Federal  would  have  an  available 
tonnage  that  would  make  this  one  of  the  large  zinc  properties  of  America.  The  ore 
is  of  excellent  quality,  is  in  no  way  complex,  and  should  be  easy  of  concentration. 
The  handicap  at  present  to  further  development  is  lack  of  good  means  of  communica- 
tion. 

OTHER    PROSPECTS 

The  North  America  Mining  Company  holds  the  mining  rights  on  claim  L  and 
several  other  claims  of  the  area.  On  claim  L  a  shaft  has  been  sunk  30  feet  and  two 
open-cuts  have  been  made.  The  veins  opened  up  are  similar  in  character  sixid 
mineralization  to  those  on  the  Federal  Company's  holdings,  but  so  little  work  has 
been  done  that  it  is  impossible  to  make  any  statement  with  regard  to  their  possibilities. 

The  surrounding  region  deserves  to  be  still  further  prospected.  In  addition  to 
the  zinc  and  lead  deposits  chalcopyrite  has  been  foimd  in  several  of  the  veins  of  the 
region  which  suggests  the  possibility  of  copper  deposits  being  located.    The  contacts 
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of  the  Tabletop  batholith  with  the  PaliBOzoic  sediments  should  also  be  searched  for  ore 
deposits.  The  serpentine  belt  Mkewise  deserves  to  be  thoroughly  prospected.  Chromite 
is  known  to  be  present  in  small  quantities  and  it  is  possible  that  deposits  of  commercial 
importance  may  yet  be  found.  Similar  ba^ic  rocks  in  other  parts  of  the  world  are 
also  the  source  of  platinum. 

PETROLEUM 

Locally  the  Oaspe  sandstone  of  the  map-area  contains  small  amounts  of  bituminous 
material.  Whether  this  series  anywhere  throughout  the  peninsula  carries  sufficient 
oil  to  be  of  commercial  importance  is  a  question  of  considerable  economic  interest. 
Present  knowledge  of  the  possibilities  of  oil  in  Qaspe  may  be  very  briefly  stated.  In 
ordbr  to  have  an  oil  field  four  things  from  a  geological  point  of  view  are  necessary. 

(1)  There  must  be  oil  in  the  region. 

(2)  There  must  be  a  favourable  structure  to  give  the  oil  an  opportunity  to 
accumulate. 

(3)  There  must  be  strata  of  porous  rock  to  serve  as  a  reservoir  to  contain  the  oil. 

(4)  There  must  be  an  impervious  capping  rock  over  the  reservoir  to  retain  the  oil. 

It  may  be  definitely  stated  that  there  is  oil  in  Gaspe.  Drilling  for  oil  on  York 
idver  wae  carried  on  for  over  40  years  and  altogether  60  wells  have  been  sunk,  some  of 
them  to  a  depth  of  3,700  feet.  In  1901  and  1902  some  200  barrels  of  oil  were  obtained. 
Even  the  best  of  the  wells,  however,  gave  only  a  small  daily  yield  which  rapidly  fell 
off  to  nothing  on  pumping.  Nevertheless  the  occurrence  of  oil  springs  and  the  finding 
of  oil  in  the  wells  even  though  only  in  small  quantities  shows  that  the  peninsula  does 
contain  petroleum. 

With  regard  to  structure,  the  PalflBOzoic  rocks  of  Gaspe  are  thrown  into  anti- 
clines and  synclines  and  at  the  eastern  end  of  the  peninsula  the  major  structural 
features  are  known.  Besides  being  folded,  however,  the  rocks  have  also  been  faulted. 
The  conclusions  of  Ells  from  his  studies  in  this  field  was  that  faulting  was  so  extensive 
that  ihe  oil  had  escaped  along  fissures  instead  of  becoming  concentrated  in  any 
reservoir.  Very  little,  however,  is  known  of  the  structure  of  the  interior  of  the 
peninsula.  The  dips  of  the  Gaspe  sandstone  are  known  in  many  places  to  be  low  and 
it  is  quite  possible  that  there  may  be  areas  where  there  hae  been  but  little  faulting  and 
where  the  folding  is  sufficiently  gentle  to  make  favourablie  places  for  oil  accumulation. 

With  regard  to  the  third  condition,  that  of  a  reservoir  for  the  oil,  the  Q^spe  sand- 
stone itself  is  admirably  suited  for  this  purpose.  If  the  series  is  continental  there 
is  very  little  chance  of  the  series  itself  being  an  original  soiirce  of  oil  except  perhaps 
in  some  of  the  basal  beds  which  are  known  to  contain  a  marine  fauna.  Underlying 
the  series,  however,  are  the  Gaspe  limestones  and  older  Palaeozoic  rocks  of  marine 
origin  which  may  be  a  source  of  oil  which  might  accumulate  at  favourably  situated 
places  in  the  Graspe  sandstone  above. 

The  question  of  a  capping  rock  is  one  to  which  a  less  satisfactory  answer  can  bo 
given.  Shale  occurs  throughout  the  Gaspe  series,  but  not  in  definite,  widespread 
horizons  such  as  are  foiond  in  a  marine  series.  Where  it  does  occur,  it  is  in  local 
irregular  beds  which  pinch  out  rapidly  laterally.  The  question  of  a  good  cover  would, 
therefore,  seem  to  be  the  chief  difficulty  in  the  way  of  oil  accumulation  in  the  penin- 
sula. A  possible  substitute  for  an  impervious  shale  capping  rock  might  possibly  be 
found  in  the  basic  lava  flows  of  the  peninsula.  As  already  mentioned,  these  are  wide- 
spread in  the  area  mapped.  It  might  possibly  be  found  that  at  some  place  of 
favourable  structure  they  are  of  sufficent  areal  extent  to  serve  as  an  efficient  capping 
to  an  oil  reservoir.  A  great  deal  of  careful  areal  geological  work  would  be  necessary, 
however,  before  recommendations  for  drilling  could  be  dependably  made.  The  presence 
of  igneous  rocks  interstratified  with  and  cutting  the  sedimentaries  is,  on  the  other 
hand,  not  usually  regarded  as  a  condition  favouring  the  existence  and  accumulation 
of  petroleum. 
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SUMMARY 

The  zinc  and  lead  d^>osits  which  have  led  to  a  new  (interest  being  taken  in  the 
.economic  possibiiitieB  of  Qaape  peninsula  are  situated  near  the  headwaters  of  the 
north  branch  of  Berry  Mountain  brook,  a  tributary  of  Oascapedia  river.  They  are 
reached  by  a  wagon  road  from  Oascapedia  station  on  Idie  Quebec  Oriental  railway 
which  follows  along  Chaleur  bay.  This  road  follows  Oascapedia  river  and  Berry 
Mountain  brook  and  from  the  railway  to  the  Federal  zinc  and  lead  pr<^>erty  is  a 
distance  of  46  miles.  A  great  deal  of  woi^  has  been  done  on  this  road,  but  in  order 
to  put  it  in  condition  for  efficient  summer  transportation  much  still  remains  to  be  done. 

TOPOGRAPHY  , 

The  central  part  of  Oaspe  peninsida  is  a  plateau  with  an  approximate  elevation 
of  1,800  feet.  To  the  north  lie  the  Shickshock  mountains  which  reach  elevations  of 
over  4,000  feet  The  upland  topography  is  characterized  by  mature  slopes;  the  inter- 
fluvial  areas  are  as  a  rule  flat.  The  vaH^rs,  however,  which  are  deep  and  steep-mded, 
have  evidently  been  produced  by  streion  cutting  following  the  uplift  of  a  maturely- 
developed  topography. 

The  region  was  apparently  not  overrun  by  the  Pleistocene  continental  ice-sheets. 
Local  glaciers  were,  however,  present  in  the  higher  central  part  of  the  peninsula, 
and  spread  out  in  all  directions,  producing  cir(iues  and  local  changes  in  drainage, 
and  transporting  morainic  materiaL 

CSNIRAL  GBOLOOT 

The  oldest  rocks  are  shales  and  limestones  of  Lower  Devonian  age.  These  rocks 
are  folded,  faulted,  and  intruded  by  both  dyke  and  deep-seated  rocks.  Overlying  the 
shales  and  limestones  is  a  sandstone  formation^  oorreeponding  to  the  Ghispe  sandstone 
of  the  coast  sections.  In  this  area  it  lies  flat  and  contains  plant  remains.  Flows  of 
basic  volcanic  rocks  are  associated  with  the  sandstone  and  cover  the  greater  i>art 
of  ^e  map-area.  Acid  lava  flows  are  in  places  associated  with  the  basic  flows.  Many 
varieties  of  porphyry  occur  in  the  refirion.  The  plutonic  rocks  consist  of  syenite  and 
granite,  the  syenite  occurring  as  dykes  and  small  stocks,  the  granite  as  a  batholith 
which  cuts  across  the  structure  of  the  folded  Palseozoic  rocks.  The  folding  and 
intrusions  took  place,  probably,  in  Middle  Devonian  times,  since  when  the  history 
of  the  region  has  been  largely  one  of  erosion. 

BGONOMIO  OEOLOGT 

The  ore  deposits  consist  of  sphalerite  and  galena  in  veins  which  cut  the  shales 
and  limestone.  In  places  the  veins  have  sharply  defined  walls,  in  places  they  fade 
out  into  brecciated  zones.  The  gangue  is  quartz  and  dolomite;  some  of  the  quarts 
is  of  the  amethystine  variety.  The  sphalerite  is  mostly  light  yellow  and  almost  free 
from  iron.  The  proportion  of  sphalerite  to  galena  is  about  two  to  one.  Pyrite,  mar- 
casite,  and  chalcopyrite  are  present,  but  in  only  very  small  amounts.  The  deposits 
are  considered  to  be  genetically  related  to  the  deep-seated  acid  intrusives  of  the 
region. 

A  large  number  of  veins  have  been  exposed  by  surface  trenching.  From  No.  1 
shaft,  on  the  Federal  or  No.  1  vein»  a  considerable  amount  of  development  has  been 
carried  out.  From  the  100-foot  level,  1,126  feet  have  been  drifted  and  776  feet  have 
been  crosscut.  From  the  lowest  level — 267  feet— over  300  feet  of  crosscuts  have  been 
driven.  The  workings  have  opened  up  a  large  amount  of  ore,  and  the  prospect  for  a 
large  tonnage  is  very  favourable. 
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POSSIBILITIES  OF  FINDING  OIL  OR  NATURAL  GAS 
AT  EDMUNDSTON,  NEW  BRUNSWICK 

By  W.  8.  McCann 
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INTRODUCTION 

The  following  report  contains  the  results  of  an  investigation  of  reported  occur- 
rences of  gas  and  oil  at  Edmundston,  N.B.  The  work  was  greatly  facilitated  by  the 
co-operation  of  Mr.  Alec.  Dunbar^  who  kindly  furnished  the  writer  with  all  available 
information. 

GENERAL  GEOLOGY 

The  rocks  exposed  near  Edmundston  are  grey  calcareous  slates,  with  occasional 
thin  beds  of  sandstone  and  quartzite  of  Silurian  age.  They  have  been  extremely 
metamorphosed  and  are  closely  folded  and  faulted.  A  slaty  cleavage,  which  is  usually 
vertical,  obscures  in  many  places  the  original  structural  features  of  the  rocks.  In 
recent  cuttings  for  the  railway  grade,  bridge  abutments,  etc.,  however,  the  bedding 
planes  are  exposed  well  enough  to  permit  of  the  determination  of  the  attitude  of  the 
strata. 

Evidence  of  close  folding  may  be  seen  at  the  railway  bridge  at  the  mouth  of 
Madawaska  river,  one  mile  east  of  Edmundston,  and  at  the  site  of  the  new  water  tank 
on  the  northwestern  comer  of  the  town.  At  these  points  local  synclines  occur.  Faults 
are  of  frequent  occurrence,  and  add  to  the  general  complexity  of  the  geological 
structure  of  the  rocks. 

ECONOMIC  GEOLOGY 

The  reported  indications  of  gas  and  oil  are  as  follows: 

Explanation 

Pump  house.  Franer  Co.,  Ltd.,  Madawaska  river.  Bubbles  Methane  (marsh  gas)  accompanied 
of  gas  rose  to  the  surface  of  the  water  upon  agita-  by  certain  fatty  acids  or  aul- 
tion  of  the  bottom.  The  gas  was  accompanied  by  oil  phlte  turpentine  (cymene),  which 
which  spread  over  the  surface  of  the  water  as  an  irl-  forms  a  film  on  the  surface  of  the 
descent    film.  water. 

Madawaska  river  behind   the   Madawaska   Inn.    Bubbles     Methane  and  oily  substances  noted 
of  gas  continually  rising  to  the  surface  of  the  water  at        above, 
various  points,  more  or  less  in  alignment  nearly  across 
the  river.     Small  amount  of  oil  accompanies  the  gas, 
which  latter  burns  readily,  if  collected  in  a  container. 

Drilled  well  at  site  of  old  Block  House,  east  side  of  Stagnant  water  covered  with  film  of 
Madawaska  river.  Two  wells  were  drilled  at  this  iron  oxide,  from  metal  oft  the 
pomt  several  years  ago  ostensibly  for  oil.  It  is.  drill  or  from  iron  sulphides  pres- 
allaged  that  the  water  from  these  wells  was  oily,  and  ent  in  small  quantities  in  the 
of  disagreeable  odour.  slates. 

Other  Wells  in   the   neighbourhood   are  reported  to  have 
been  disused  because  of  peculiar  taste  and  odour. 

Madawa^a  river  above  sulphite-pulp  mill.  Upon  agita-  Methane.  Absence  of  material  prob- 
tion  of  bottom  large  bubbles  of  gas  rose  to  the  sur-  ably  because  of  absence  of  waste 
face.    This  f?as  was  not  accompanied  by  oil.  products    of    pulp    mill    at    this 
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INVESTIQATION  OF  REPORTED  OCCURRENCES 

Air-free  samples  of  the  gas  were  collected  at  various  points,  together  with  samples 
of  the  river  water  and  water  from  the  bored  well  at  the  site  of  the  old  Block  Hous*?. 
These  samples  upon  analysis  by  R.  T.  Elworthy  of  the  Mines  Branch  yielded  the 
following  results: 

Analysis  of  Oas  Samples 


I 

II 

lU 

28 

1-8 

11 

2  3 

2-8 

3  1 

914 

71  5 

67  4 

3  5 

23  0 

28-4 

None 

None 

None 

0  615 

0  685 

0  698 

IV 


Carbon  dioxide  (COj) 

Oxygen  (Oi) 

Methane  (marah  gas)  (C/H4) 

Nitrogen  (NO 

Ethane  (CiHe) 

Density  compared  to  air 


None 

None 

800 

12  8 

7  2 


I.  Sample  collected  at  bailer  hoa^e,  Fraser  Co.,  Ltd. 
II.  Sample  collected  200  yards  from  west  bank  Madawaska  river  in  rear  of  Madawaska  Inn. 

III.  Sample  collected  in  midstream  Madawaska  river  in  rear  of  Inn. 

IV.  Sample  of  natural  gas,  Moncton,  N.B.,  included  for  comparison. 

The  analyses  of  the  gas  show  that  it  is  largely  methane  or  marsh  gas  (Cn4).  The 
gas  shows  no  trace  of  ihighefr  hydrocarbons  such  as  ethane  and  propane  which  are 
usually  found  in  natural  gas.  The  small  amounts  of  oxygen  compared  with  the 
amounts  of  nitrogen  in  II  and  III  are  accounted  for  by  the  increased  solubility  of 
oxygen  in  cold  water.     (Oxygen  is  about  2-5  times  more  soluble  than  nitrogen.) 

The  gas,  at  the  time  of  collecting,  smelled  strongly  of  hydrogen  sulphide  (H2S), 
but  the  analyses  do  not  [indicate  its  presence,  perhaps  because  some  water  was  left 
in  the  jars  in  which  the  gas  samples  were  collected,  and  the  H2S  was  dissolved  by  it. 
Some  CO2,  also,  was  probably  dissolved  in  the  same  way. 

Analyses  of  Water  Samples 

A  sample  of  water  from  Madawaska  river  below  the  sulphite-pulp  mill  was  found 
to  contain  75  parts  of  mineral  matter  per  million  parts  of  water.  This  mineral  matter 
was  composed  of  calcium  sulphate  and  sodium  cliloride,  and  the  water  was  slightly 
alkaline  in  reaction. 

Water  collected  at  the  bored  well  at  the  site  of  the  old  Block  House  contained 
673  parts  per  million  mineral  matter  composed  of  calcium  and  manganese  bicarbon- 
ates  and  sulphates,  sodium  chloride,  and  traces  of  iron  hydroxide,  the  latter  forming 
a  film  on  the  surface  of  the  water. 

No  trace  of  oil  was  detected  in  either  sample. 


PROBABLE  EXPLANATION  OF  THE  PRESENCE  OF  OILY  SUBSTANCE 

Accompanying  tlie  gas  bubbles  in  the  river  below  the  sulphite-pulp  mill  there 
are  small  amounts  of  an  oily  liquid  which  forms  an  iridescent  film  on  the  surface 
of  the  water.  It  oocuis  in  suoh  smiall  amount  that  it  was  impossible  to  oollect  enough 
for  testing  or  analysis.  In  the  river  above  the  sulphite-pulp  mill,  the  marsh  gas 
which  rose  to  the  surface  of  the  water  upon  agitation  of  the  river  bottom  was  not 
accompanied  by  an  oily  substance.  This  fact  points  toward  the  waste  products  of 
the  pulp  mill  as  a  possible  cause  of  the  continuous  bubbling  of  gas  and  the  presence 
of  the  oily  liquid. 

Madawaska  river  below  the  place  where  the  gas  occurs  is  dammed,  so  that  there 
is  little  current.  In  former  years  there  was  a  sawmill  on  the  east  bank  of  the  river, 
but  it  is  possible  that  most  of  the  sawdust  was  swept  out  into  St.  John  river.    Some 
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of  it,  however,  may  have  lodged  in  places  where  eddies  occurred.  It  is  known  that 
the  decomposition  of  sawdust  at  the  bottom  of  rivers,  even  of  swift  current,  produces 
marsh  gas  in  sufficient  volume  sometimes  to  break  the  ice  covering  it  in  winter.  It 
is  not  certain,  though,  that  the  gas  observed  has  resulted  from  sawdust,  and  another 
explanation  must  be  sought. 

Now,  mangled  bark,  resins,  and  gums  in  large  quantities  are  being  discharged 
into  the  river  along  with  other  waste  products  of  the  pulp  mill,  including  so-called 
sulphite  turpentine,  a  compound  largely  composed  of  cymene,  which  is  an  oily  sub- 
stance. Also,  in  the  decomposition  of  the  cellulose  of  the  organic  materials  at  the 
bottom  of  the  river  certain  fatty  acids  (butyric  acid,  valeric  acid,  etc.)  of  molecular 
weight  less  than  that  of  cellulose,  are  produced.  Such  substances  would  rise  to  the 
surface  and  spread  over  the  water  as  an  oily  film.  In  this  way  the  oily  substance  may 
be  accounted  for. 

ABSENCE  OP  OIL  OR  QAS  IN   NORTHERN   MAINE 

The  reported  discoveries  of  oil  or  gas  in  Maine  have  been  found  to  be  without 
foundation.    Mr.  Freeman  F.  Burr^  states: 

"  The  search  for  oil  in  this  state  (Maine)  is  probably  fully  as  hopeless  as  that 
for  coal.  .  .  .  Oily  material  in  small  quantities  may  occasionally  appear  in  con- 
nexion with  surface  deposits,  since  such  material  is  a  product  of  animal  and  plant 
bodies:  but  the  chances  are  almost  overwhelming  against  the  finding  of  oil  in  the 
underlying  rocks,  chiefly  because  these  show  abundance  of  evidence  of  having  been 
folded  and  fractured  to  such  an  extent  that  any  volatile  materials  would  inevitably 
have  been  expelled  into  the  atmosphere  long  ago.  It  seems  best  to  discourage  any 
exi>ectation  of  oil  anywhere  in  Maine." 

The  reported  discovery  of  oil  near  Dover  on  the  Piscataquis  river  is  not  endorsed 
by  the  Maine  Water  Power  Commission.^  Samples  of  the  supposed  oil,  which  were 
sent  to  the  University  of  Maine  for  analysis,  were  reported  to  be  refined  oil. 

OONOLUSIONS 

The  rocks  of  the  district  are  extremely  metamorphosed,  highly  folded  and 
faulted,  and  are  not,  therefore,  favourable  for  the  retention  of  oil  or  gas. 

The  gas  which  occurs  is  marsh  gas  (methane)  and  has  resulted  from  the  decom- 
position of  organic  materials  at  the  bottom  of  the  river. 

The  oily  substance  which  spreads  over  the  surface  of  the  water  in  small  amounts 
is  probably  cymene  (sulphite  turpentine)  or  certain  of  the  fatty  acids  resulting  from 
the  decomi)osition  of  organic  materials  on  the  river  bottom. 


1  Geologist,  Biain  Water  Power  Comm.,  lat  Ann.  Rept.  M.  W.  P.  Comra.»  1920,  p.  116. 

2  Personal  communication. 
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Plate  I 


Uraninlte-bearing  dyke  of  segregated  type — McQu ire-Robertson  claims.     I^ots  9  and  10, 
concession  IX,  Conger  township.  Parry  Sound  district.      (Page  61.) 
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Plate  II 


Segregated  veinlike  dyke — white  quartz  in  middle,  feldspar  at  sides.     R>an,  Mann,  Sheehan 
claims,   lot   3,  concession  VI,   Butt  township,   Ont.      (Page   56.) 
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Plate  III 


A.    View  down   Berry   Mountain   broolc    from   the    Federal   mine,    showing   the    plateau    surface. 

(Page  76.) 


B.   Ste.   Anne  river  below   Ste.    Anne  lake,   showing   the   youthful  character  of  the   valley. 

(Page  76.) 


Digitized  by 


Google 


104  D 


Plate  IV 


A.     View  on  the  top  of  mount  Albert,  showing  the  unglaciated  surface.      (Page  78.) 


B.  Federal  Zinc  and  Lead  mine  from  across  Berry  Mountain  brook.     (Page  90.) 
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PLAT9    V 


Brecciated  shales  and  limestones,  mineralized  with  sphalerite  and  quartz.     Approximately 

natural  size.     (Pagre  92.) 
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SUMMARY  REPORT,  1921,  PART  E 

IBON-BEAEINa  BOCKS  OF  BELCHES  ISLANDS,  HTTBSON  BAT 

By  0,  A.  Young 

CHAPTEBI 

INTRODUCTION 

Purpose  and  Character  of  the  Beport 

Thie  report  presents  information  obtained  from  an  examination  of  a  Pre- 
cambrian  "  iron-formation  **  occurring  on  Belcher  islands,  Hudson  bay.  The 
field  work  was  done  during  the  summer  of  1921  in  an  interval  of  about  four 
weeks,  too  short  a  period  of  time  to  permit  of  investigating  more  than  the  eastern 
part  of  the  islands.  The  first  part  of  the  report  contains  an  account  of  the 
general  geology  of  the  islands  together  with  a  detailed  description  of  the  iron- 
formation  and  has  been  prepared  for  readers  familiar  with  the  principles  of 
geology.  Tl^e  concluding  section  of  the  report  reals  with  the  possible  economic 
value  of  the  iron-bearing  horizon  and  is  written  in  the  hope  that  the  discussion 
may  be  serviceable  to  readers  interested  in  iron  ore  occurrences  but  perhaps 
unversed  in  geology. 

Location  and  Area 

Belcher  islands  lie  off  the  eastern  coast  of  Hudson  bay,  70  miles  due  north 
of  cape  Jones,  which  marks  the  division  between  Hudson  bay  and  James  bay. 
Their  southern  extremity  is  56  miles  west-northwest  of  the  mouth  of  'Great 
Whale  river,  the  nearest  locality  on  the  mainland.  The  island  group  is  70 
miles  long,  north  and  south,  and  about  46  miles  broad,  but  much  of  the  area 
is  occupied  by  water.  The  chief  islands  are  separated  by  broad  seaways  and  are 
either  narrow,  or  where  broader,  are  deeply  penetrated  by  bays  and  inlets.  A 
large  part  of  the  main  island  of  the  group  is  occupied  by  a  lake  reputed  to  be 
40  miles  long. 

Transportation 

Belcher  islands  may  be  reached  in  winter  over  the  ice  or  in  summer  by 
bpat.  The  Hudson's  Bay  Company  and  Bevillon  Freres  maintain  power-driven 
vecsels  on  James  bay.  These  boats  make  one  or  more  trips  a  year  from  Moose 
Factory  north  along  the  east  coast  of  Hudson  bay,  but  normally  these  vessels 
are  not  available  for  transportation  tb  the  islands.  Small  sailing  craft  may  be 
hired  or  purchased  from  these  fur- trading  companies,  but  it  is  questionable  if 
crews  to  man  them  could  be  procured  on  James  or  Hudson  bay.  At  present, 
1921,  two  small  decked-in  power  boats  belonging  to  the  Belcher's  Islands  Iron 
Mines,  Limited,  are  the  only  other  available  craft  known  to  the  writer.  Boats 
of  size  and  sea-going  qualities  sufficient  for  the  trip  to  the  islands  can  be  taken 
with  little  trouble  to  James  bay  from  the  Canadian  Government  railway  cross- 
ing of  the  Pagwachuan  branch  of  Albany  river.    Advantage  should  be  taken  of 
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high  water  conditions  in  the  spring  of  the  year;  when  there  is  for  a  short  time 
ample  water  from  the  railway  to  the  hay  for  the  transport,  without  portages,  of 
small  cruising  power  boats.  From  the  mouth  of  Albany  river,  the  usual  route 
is  across  James  bay  via  Charlton  island  and  northerly  along  the  east  coast  to 
the  north  end  of  Long  island,  north  of  cape  Jones.    From  there  a  course  about 


PiflTure  1.  Index  map  showingr  location  of  Belcher  islands,  Hudson  bay. 
20  d^rees  west  of  true  north  will  reach  the  southeast  part  of  the  islands.    The 
period  of  navigation  for  email  craft  varies  from  season  to  season.    Aa  a  general 
rule,  about  the  middle  of  June  is  reasonably  early  for  starting  from  Albany 
river.    The  return  trip  may  be  made  in  October  or  a  little  later. 

Navigation  to  and  from  Belcher  islands  by  large  ocean-going  vessels  should 
not  be  attended  with  any  great  difficulty  if  the  uncharted  region  north  and  north- 
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east  of  the  islands  ie  avoided.  The  approach  in  other  directions  is  free  of 
islands  or  shoak.  At  many  places  on  the  islands  secure  harbours  for  the  largest 
vessels  are  available  and,  should  mining  operations  ever  be  carried  out,  docking 
facilities  reasonably  close  to  the  mines  could  be  provided  without  much  diflS- 
culty.  On  the  other  hand  a  careful  charting  of  the  seaways  seems  to  be  a  pre- 
liminary and  imperative  necessity,  since  in  several  of  the  sounds  isolated  reefs 
were  noted  bareb'  awash  at  low  tide,  and  the  clusters  of  small  islands  bordering 
the  main  group  euggeet  that  shoal  reefs  may  be  present  there  also. 

Previous  Accounts 

BelcHer  islands  have  long  been  known  to  form  the  southernmost  group  of 
a  chain  of  islands  lying  oflP  the  east  coast  of  Hudson  bay  and  extending  north- 
wards for  several  hundred  miles.  Though'  inhabited  by  Eskimos,  who  each  winter 
cross  the  ice  to  trade  at  the  Hudson's  Bay  Company's  posts,  and  although  about 
the  middle  of  the  last  century  an  official  of  this  company  visited  the  islands,  yet 
in  spite  of  these  facts  the  position,  extent,  and  general  character  of  Belcher  islands 
were  until  recently  conjectural.  Modern  maps  represented  them  ae  formless- 
clusters  of  dots.  In  1^14,  1^15,  and  1916  the  islands  were  visited  by  R.  J. 
Flaherty,  then  engaged  in  exploratory  work  on  behalf  of  Sir  William  Mac- 
kenzie, and  in  1918  Flaherty  published  a  map  and  an  account  of  the  islands  in 
which  he  drew  attention  to  the  possible  value  of  the  iron-bearing  strata.^ 

E.  S.  Moore,  in  1916,  visited  the  islands  in  the  interests  of  Sir  William 
Mackenzie  and  later  published  several  accounts  dealing  with  the  general  geolojry 
and  the  nature  and  possible  economic  value  of  the  iron-formation.*  Mr.  Mooro 
has  described  the  islands  as  being  formed  of  a  thick  assemblage  of  sedimentary 
strata,  intruded  by  diabase  sills,  resting  on  a  mass  of  basalt  and  diabase  and 
capped  by  flows  of  basalt.  He  named  the  sedimentary  group  the  Belcher 
series  and  concluded  that  it  is  of  Precambrian  age.  It  was  found  to  be  folded 
into  long,  broad,  pitching  anticlines  and  synclines.  The  uppermost  member  of 
the  sedimentary  series,  which  h'e  named  the  Keepalloo  (Kipalu)  formation,  was 
determined  to  be  an  iron-formation,  with  a  variable  thickness  of  several  hundred 
feet,  that  everywhere  lies  immediately  beneath  the  basalt  flows.  This  iron-forma- 
tion "  consists  of  jasper,  chert,  hematite,  magnetite,  siderite,  and  green  granules 
regarded  as  the  iron  silicate,  greenalite "  and  Moore  suggested  that  "  algw  and 
iron  bacteria  have  been  responsible  for  the  precipitation  of  colloidal  silica, 
hematite,  and  iron  silicate  in  .  .  .  granular  form,  in  some  places  as  a  direct 
precipitate  ...  in  others  as  a  replacement  of  .  .  .  calcite  granules  by 
the  iron  compounds." 

Begarding  the  possible  economic  importance  of  the  iron-formation,  he 
wrote  that  "  the  wide  distribution  of  the  iron-formation  and  its  location  on  hill- 
sides and  on  the  flanks  of  synclines  combine  to  produce  conditions  so  favourable 
for  the  concentration  of  ore-bodies  that  it  is  surprising  that  important  bodice 
do  not  occur  .  .  .  The  greater  part  of  the  formation  is,  however,  very  lean 
siliceous  material  .  .  .  f^^^^]  while  there  are  bands  of  low-grade  ore  in  the 
iron -form  at  ion    the   great   bulk     ...     is   lean    and  siliceous     .     .     .     [and] 

iPlaherty,  R.  J.,  "The  Belcher  Islands  of  Hudson  Bay ;  Their  Discovery  and  Explora- 
tion/* Geog.  Review,  vol.  5.  No.   6.  pp.   433-468.   1918. 

2Moore.  R  S..  "The  Iron-formation  on  Belcher  Islands.  Hudson  Bay,  with  Special 
Reference  to  Its  Origin  and  Its  Associated  Algal  Limestone/'  Jour,  of  Geol.,  vol.  26, 
pp.  412-438.  1918. 

"Iron-formation  on  Belcher  Islands.  Hudson  Bay,  with  Special  Reference  to  Its 
Origin  and  ItB  Associated  Algal  Limestone."  Bull,  of  the  Geol.  Soc.  of  Am.,  vol.  29,  p.  90 
(abstract  only),  1918. 

"Iron  Deposits  on  the  Belcher  Islands.  Hudson  Bay,"  Monthly  Bull,  of  the  Can.  Mln. 
Inst..  No.  82.  Feb..  1919,  pp.  196-206.  1919. 

"Ore  Deposits  of  Arctic  Canada,"  Eng.  and  Mln.  Jour.,  vol.  110.  pp.  396-400.  1920. 
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along  the  strike  these  bands  of  ore  finger  out  into  the  jasper.''  Mr.  liCoore  has 
distinctly  stated  that  considering  the  character  of  the  iron -formation  and  the 
climatic  conditions  and  geographical  position  of  the  islands,  the  iron-formation 
is  not  of  present  economic  value. 

Other  parties  than  those  represented  by  Messrs.  Flaherty  and  Moore  became 
interested  in  the  possibilities  of  the  iron-formation.  Expeditions  were  sent  to 
the  region,  and  the  staking  of  claims  commenced  in  the  year  1916.  As  a  result 
of  these  operations,  twenty-two  claims  have  been  located  and  leases  for  tliem 
granted  under  the  provisions  of  the  regulations  governing  iron-ore  locations  in 
territories  subject  to  the  direct  jurisdiction  of  the  Federal  Government.  Twenty 
of  the  claims  are  of  square  outline,  each  enclosing  approximately  160  acres. 
Two  claims  are  each  less  than  25  acres  in  extent.  These  claims  are  controlled 
by  the  Belcher's  Islands  Iron  Mines,  Limited,  Toronto.  This  company  has 
twice  sent  engineers  to  the  islands  to  report  on  the  value  of  their  claims.  One 
of  these,  Mr.  Dwight  E.  Woodbridge,  has  expressed  the  view  that  "extensive 
areas  were  found  in  the  formation  where  there  had  been  sufficient  concentration 
of  ore  to  present  faces  up  to- 25  feet  in  thickness  of  an  average  iron  content  of 
better  than  52  per  ceni;  natural  iron.  .  .  But  not  enough  commercial  ore  was 
disclosed  by  my  examination  to  permit  a  recommendation  that  the  development 
of  mines,  the  construction  of  ships,  docks,  and  a  railway  were  warranted  with- 
out further  and  considerable  definite  knowledge  .  .  .  [although]  it  was 
reasonably  safe  to  assume  the  actual  presence  of  commercial  ore  in  mineable 
thicknesses  up  to  a  tonnage  not  far  from  a  million  tons."^  Mr.  Woodbridge  has 
stated  as  his  opinion  that  the  existence  of  commercial  tonnages  of  iron  ore 
depended  on,  firstly,  whether  structural  and  other  conditions  were  such  as  to 
permit  of  ore-bodies  forming  if  the  necessary  solvents  could  act,  and,  secondly, 
whether  the  iron-bearing  rocks  now  covered  by  diabase  sheets  were  ever 
"exposed  to  atmospheric  action  for  a  sufficient  period  to  permit  .  .  .  con- 
centration to  proceed  adequately  to  make  ore."  He  gave  reasons  for  his  belief, 
firstly,  that  structural  conditions  were  such  as  to  favour  the  concentration  of  the 
iron  iu  ore-bodies,  and,  secondly,  that  the  overlying  lavas  were  much  younger 
than  the  iron-formation  and,  therefore,  that  the  iron-bearing  strata  had  remained 
un\?overed  for  a  long  period  during  which  conditions  favoured  concentration  of 
the  iron  content 

General  Character  of  Belcher  Islands 

The  general  outline  and  size  of  the  Belcher  group  are  indicated  in  Figure  2. 
This  sketch,  compiled  by  members  of  the  various  private  expeditions  sent  to  the 
islands,  is  sufficiently  accurate  for  general  purposes,  although  it  is  erroneous  in 
many  respects  both  as  regards  major  and  minor  features.  Shapes  and  relative 
dimensions  are  all  subject  to  revision.  Many  smaller  islands  and  other  minor 
features  are  not  indicated  and,  on  the  other  hand,  major  features  shown  in  the 
sketch  may  be  non-existent  or  wrongly  located. 

From  the  east  side  of  Belcher  islands,  a  number  of  islands  are  visible,  some 
quite  small,  others  several  miles  in  length,  and  it  is  reported  that  if  a  course  is 
followed  eastward  from  the  northern  part  of  the  islands  to  the  mainland,  land 
is  in  sight  at  all  times.  A  number  of  small  islands  lie  along  the  south  and  west 
sides  of  the  Belcher  group,  but  to  seaward  beyond  these,  both  to  the  south  and 
west,  is  open  water  free  of  islands.  Northward,  at  varying  intervals,  groups  of 
islands  extend  for  several  hundred  miles. 


iWoodbridge,  D.  E.,   "Iron-ore  Deposits  on  Belcher  Islands,"  Bng.  and  Mln.  Jour., 
vol.   112.  pp.  251-254,  1921. 
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The  islands  of  the  Belcher  group  are  in  general  elongated  north  and  south. 
Thf;ir  outline  and  relief  are,  in  the  main,  directly  dependent  uiKm  the  geological 
structure  and  character  of  the  strata.  The  measures  lie  in  broad  folds  that 
strike  north  and  south.  Erosion  has  been  most  vigorous  along  the  arches  of 
these  folds,  where  it  has  removed  a  once  continuous  cover  of  basaltic  sheets  and 
produced  long  depressions  that  form  long  arms  of  the  sea  or  valleys.  One  of 
these  is  partly  occupied  by  the  40-mile  long  lake  on  Flaherty  island.  The  limbs 
of  the  folds,  still  capped  by  the  basalt  sheets,  form  long,  steep-sided  ridges.    The 
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Flgrure  2.  Sketch  map  of  Belcher  islands,  Hudson  bay. 
synclinal  portions,  still  preserving  the  capping  of  diabase,  either  underlie  sounds 
or  form  steep-sided,  broken  uplands.  There  is  a  general  southerly  dip  of  the 
strata  whioh  has  resulted  in  a  gradual  decline  from  north  to  south  in  the  heights 
of  the  elevated  i>ortions  which  probably  nowhere  reach  400  feet  above  sea-level 
and  in  general  are  less  than  300  feet  high. 

The  main  low-lying  areas  are  variable  in  character,  because  of  variations 
in  the  geological  structure  and  the  character  of  the  bedrock,  the  local  presence 
of  diabase  sills,  and,  along  the  anticlinal  axes,  the  existence  of  large  bodies  of 
diabase.  Thus  the  valleys  show  nearly  level  areas  where  the  strata  imdemeath  arc 
approximately  horizontal ;  or  long,  rolling  ridges  corresponding  to  gentle  folds  in 
the  measures;  or  occasional  abruptly  rising  hills  due  to  structural  features  or  to 
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the  presence  of  a  protective  covering  of  locally  developed  sills  of  diabase;  and, 
lastly,  broader,  more  irregular  ridges  formed  of  diabase  masses  occurring  along 
the  anticlinal  axes.  Occasional  comparatively  narrow  valleys  cross  the  main 
ridges  and  join  one  major  low-lying  area  with  another.  These  cross-valleys  are 
prominent  local  features  which  may  be  in  part  due  to  glacial  action. 

The  main  upland  areas  formed  of  the  capping  diabase  sheets  rise  steeply, 
and  in  places  precipitously.  On  top  their  surface  is  in  general  level  but  broken 
by  step-like  rises  and  drops  from  the  surface  of  one  sheet  to  another.  Th^  are 
almost  bare  of  soil.  Talus  material  occurs  along  the  steeper  slopes;  the  lower 
part  of  these  slopes,  the  sides  of  the  minor  ridges  and  hills,  and  the  floors  of 
the  depressions  are  mostly  largely  mantled  with  moss-covered  sandy  deposits. 
The  islands  are  bare  of  trees.  Alders  grow  only  in  open  clumps  of  small,  stunted 
individuals  and  the  plant  life  in  general  is  sub-arctic  in  character. 

The  physical  features  of  the  main  islands  lying  east  of  Omarolluk  sound 
(Figure  2)  follow  a  simple  general  plan.  These  islands  are  traversed  from  north 
to  south  by  an  anticlinal  axis  whose  course  is  marked  by  a  low-lying  area.  In 
the  south  the  continuation  of  the  anticlinal  axis  is  marked  by  a  channel  between, 
two  long,  slender  islands  tipped  by  islets.  Each  island  is  composed  of  sheets  of 
diabase  dipping  away  from  the  intervening  channel  and  rising  steeply  from  the 
sea  to  a  comparatively  level  top  whose  general  elevation  increases  northward. 
This  same  structure  is  continued  northward  on  Innetalling  island,  but  there  the 
anticlinal  portion  soon  emerges  from  the  sea  and  forms  a  long  valley  a  half  mile 
or  less  broad,  but  widening  at  the  north  end.  The  floor  of  the  valley  where  it 
is  narrow  is  heavily  drift  oovered.  Northward  where  the  valley  broadens,  its 
character  is  more  variable  and  at  the  north  end  of  the  island  it  is  partly  occupied 
by  abruptly  rising  rocky  ridges.  The  continuous,  bounding  diabase  ridges  are 
only  from  a  quarter  of  a  mile  to  srmewhat  over  one  mile  wide. 

The  above  general  structure  continues  northward  into  Tukarak  island,  bu* 
there  the  western  diabase  wall  is  confined  to  a  line  of  fringing  islands  which 
extend  northward  for  a  few  miles  only.  On  the  east  side,  the  comparatively 
narrow  diabase  ridge  continues,  so  far  as  known,  for  the  whole  length  of  the 
island,  but  is  broken  through  by  several  cross-depressions,  two  of  which  are  bays 
of  the  sea.  West  of  the  eastern  diabase  ridge  rises  a  second  but  lower  line  of 
broken  ridges  (bounded  on  th'e  west  by  a  rolling  area  in  part  swampy  and  only 
a  few  feet  above  sea-level.  Still  farther  west,  in  the  south  of  the  island,  a  loner, 
broad  ridge  marks  the  position  of  a  large  body  of  diabase  disposed  along  the 
anticlinal  axis.  The  we<;tem  side  of  this  ridge  slopes  gradually  seaward  to  the 
low  shores  which  are  there  bordered  by  the  already-mentioned  line  of  islands 
that  represent  the  partly  submerged,  northern  part  of  the  west  diabase  ridge. 

Omarolluk  sound,  lying  west  of  the  above-described  island  group,  is  pre- 
sumably a  synclinal  area  doubtless  floored  by  the  diabase  sheets  which  reappear 
on  the  west  side  and  there  form  a  penimjula  about  40  miles  long  and  ;for  the 
most  part  less  than  half  a  mile  wide.  This  peninsula,  a  part  of  Flaherty  island, 
is  continued  southward  by  a  long,  narrow,  low  island  which  trends  to  the  east 
of  south  so  as  partly  to  cut  off  Omarolluk  sound  on  the  south. 

The  above-mentioned  peninsula  and  the  island  continuing  it  to  the  south 
separate  Omarolluk  sound  from  Kipalu  inlet,  lying  to  the  west.  Kipalu  inlet 
lies  along  an  anticlinal  axis;  it  is  about  50  miles  long  by  2  to  3  miles  broad, 
open  at  the  south  end  but  closed  at  the  north  by  a  narrow  strip  of  land  forming 
part  of  the  northeast  coast  of  Flaherty  island.  On  both  sides  rise  steep-sided 
ridges  that  gradually  increase  in  elevation  from  south  to  north.  These  ridges 
are  formed  of  diabase  sheets  that  dip  away  on  either  side  from  the  water,  with 
here  and  there  small  promontories  and  islands  of  the  underlying  strata.  The 
ridges  are  broken,  are  crossed  at  infrequent  intervals  by  low,  narrow  valleys. 
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and  at  the  north  end  nearly  coalesce  so  as  almost  to  encircle  the  inlet.  Towarcb 
the  north,  the  diahase  ridges  are  bordered  by  more  continuous  low-lying  areas 
and  there,  towards  the  centre  of  the  inlet,  ridges  of  diabase  rise  as  islands  along 
the  axial  portions. 

The  ridge  bordering  Kipalu  inlet  on  the  west  marks  the  position  of  a 
syncline,  and  the  diabase  sheets  composing  this  upland  are  for  the  most  part 
approximately  flat  lying,  j  The  summit  of  the  ridge  is  broken  by  minor  depres- 
sions, though  tending  to  be  flat.  The  width  varies  from  half  a  mile  or  lees  to 
5  or  6  miles  in  the  north,  where  it  forms  part  of  the  northeast  coast  of  Flaherty 
island. 

West  of  this  synclinal  ridge  lies  the  valley  of  Kasegalik  lake.  The  lake 
stands  about  26  feet  above  sea-level  and  is  reputed  to  be  40  miles  long  and  in 
places  6  to  10  miles  broad.  The  valley  in  which  it  lies  continues  northward 
beyond  the  head  of  the  lake  to  a  bay  on  the  north  shore  of  Flaherty  island.  This 
general  valley  marks  an  anticline.  Its  eastern  side  is  formed  by  the  steeply 
rising  edges  of  the  diabase  ridges  separating  the  lake  from  Kipalu  inlet.  On  the 
west,  the  country,  as  viewed  from  a  distance,  rises  in  a  series  of  long,  broad 
ridges  which  perhaps  occupy  the  western  part  of  Flaherty  island. 
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CHAPTEE  n 

GENEKAL  GEOLOGY 

General  Statement 

The  strata  of  the  eastern  part  of  Belcher  ielands  are  a  series  of  little 
altered  sedimentary  rocks  capped  (by  sheet-like  bodies  of  diabase;  in  places, 
appearing  to  rest  on  a  basic  igneous  mass  and  at  various  horizons  they  are 
cut  by  sills  and  ^kes  of  diabase.  All  these  rocks  are  presumably  Precam- 
brian.  The  sediments  are  undoubtedly  of  the  same  age  as  those  forming  the 
islands  which  intermittently  fringe  the  east  coast  of  Hudson  bey  from  cape 
Jones  north  to  Portland  promontory,  a  distance  in  a  straight  line  of  dOO  mi'les. 
These  cediments  may  be  equivalent  to  the  Animikie  of  the  Lake  Superior  region. 

The  strata  are  disposed  in  broad,  parallel  folds  running  north  and  south. 
In  the  east  an  anticlinal  axis  extends  through  the  line  of  islands  that  com- 
mences in  the  north  with  Tukarak,  a  relatively  large  island,  and  ends  with 
the  small  islands  65  miles  to  the  south.  Omarolluk  sound,  which  separates  this 
group  of  islands  from  Flaherty  island,  the  main  island  to  the  west,  marks  a 
synclinal  axis.  Kipalu  inlet,  west  of  this,  lies  along  an  anticlinal  axis  whose 
eastern  limb  forms  a  long,  narrow  peninsula  and  the  long  island  south  of  it 
which,  combined,  divide  the  inlet  from  Omarolluk  sound.  The  ridge  bordering 
Kipalu  inlet  on  the  west  is  part  of  a  synclinal  form  and  the  basin  of  Kasegalik 
lake,  still  farther  west,  marks  the  position  of  a  succeeding  anticline.  Very 
little  information  regarding  the  western  part  of  the  islands  is  available,  but 
what  is  known  conftrms  the  assumption  that  the  same  general  structures  and 
measures  continue  over  that  district. 

Stratigraphical  Section 

A  geological  section  across  the  east  limb  of  the  anticline  on  Tukarak  island 
was  carefully  measured  along  a  general  line  about  6  miles  long  extending  west- 
erly from  a  point  south  of  Laddie  harbour.  The  measurements  commenced  at 
the  top  of  the  sedimentary-  series,  continued  <to  its  base,  and  were  made  by  run- 
ning a  stadia  traverse  and  carefully  observing  variations  in  angle  of  dip.  The 
strata  are  for  the  most  part  well  exposed  along  the  line  of  section  and  in  general 
dip  eastward  at  angles  which,  commencing  in  the  east,  diminish  from  35  degrees 
to  12  degrees  and  then,  towards  the  west,  increase  to  25  degrees.  Structural 
complexities  encountered  on  the  line  of  section,  and  the  constantly  varying 
angle  of  dip,  detract  from  the  value  to  be  attached  to  the  calculated  thickness, 
but  it  is  confidently  believed  that  the  thicknesses  assigned  to  the  different  hori- 
zons are  relatively  correct  and  that  the  total  calculated  thickness  is  not  far  from 
the  actual  thickness.  E.  S.  Moore^  measured  a  section,  presumably  in  the  same 
general  vicinity,  ^and  found  the  sediments  to  be  9,07^  feet  thick.  The  total 
found  by  the  writer  is  'less  than  this,  as  is  indicated  in  the  following  summary 

statement  in  which  the  horizons  are  arranged  in  descending  order. 

Feet 
Diabase  sheets 

1.  Iron-formation 365 

2.  Quartzites  with  zones  of  siliceous  limestone 1.747 

3.  Shales  and  slates,  mainly  red 723 

4.  Limestones,  variously  coloured 2,686 

5.  Quartzites,   with   subordinate   amounts   of  limestone   and   shale    . .     . .  1,646 

6.  Slates  and  sandy  or  tufPaceous  bed^.  etc 705 

Diabase  mass 

Total  sediments 7,872 

iMoore.  E.  8.,  "The  Iron-formation  on  Belcher  Islands."  Jour,  of  Geol.,  vol.  26,  pp. 
412-488.  1918. 
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The  division  of  the  sedimentary  eeries  into  eix  members  is  arbitrary  save 
in  the  ease  of  the  iron-formation,  which  alone  is  sharply  divided  from  the 
underlying  strata.  Each  of  the  other  members  grades  upwards  into  the  succ<eed- 
ing  division  by  interbedding  or  by  gradual  changes  in  lithological  characters. 
No  evidence  was  found  anywhere  of  a  break  in  the  sequence;  all  the  strata 
appear  to  belong  to  one  continuoue  series,  for  which  Moore  has  proposed  the 
name  Belcher  series. 

Description  of  Strata 

LOWER  DIABASE 

The  lowest  member  of  the  general  geological  section  is  a  mass  of  diabase 
prominently  displayed  towarde  the  west  side  of  Tukarak  island.  It  outcrops 
there  with  in  places  a  width  of  over  a  mile  and  extends  from  the  south  shore  of 
the  ielands  for  perhaps  10  miles  northward.  This  igneous  assemblage  occurs 
along  the  axis  of  the  major  anticline  of  this  part  of  the  islands.  It  is  flanked 
on  both  sides  by  the  Belcher  series  which,  because  of  the  northward  pitch  of 
the  fold,  passes  over  and  around  the  northern  termination  of  the  igneous  body. 
Southward  from  Tukarak  island,  the  main  fold  pitches  in  the  opposite  direction, 
i.e.,  to  the  south,  and  the  basic,  igneous  group  is  not  represented  in  that 
direction. 

Along  the  course  of  the  next  major  anticlinal  to^the  west,  towards  the  head 
of  Kipalu  inlet,  there  is  a  large  island  which  is  chiefly  occupied  by  diabasic 
rocks  bordered  on  the  east  side  by  lower  members  of  the  Belcher  series.  The 
igneous  mass  and  the  sediments  thus  appear  to  possess  the  same  mutual  rela- 
tions as  on  Tukarak  island,  but  in  both  places  the  exposures  near  the  contact  are 
poor  and  it,  therefore,  may  not  be  affirmed  that  the  igneous  rock  is  older  than 
the  overlying  sediments..  Moore  found  the  same  difficulty  in  attempting  to 
decide  upon  the  relative  age  of  this  igneous  mass.^ 

The  diabase  mass  on  Tukarak  island,  so  far  as  seen,  is  composed  of  rather 
fine-grained  rocks,  not  sheared  nor  otherwise  materially  altered.  They  do  not, 
apparently,  possess  ellipsoidal  structures  nor  is  there  clear  evidence  of  a  sheeted 
form.  Approaching  the  horizon  arbitrarily  chosen  as  the  top  of  this  member, 
the  rock  becomes  somewhat  finer  in  grain,  and  at  several  exposures  is  amygda- 
loidal.  The  diabase  on  the  large  island  in  Kipalu  inlet  is  coarser  grained  and  is 
characterized  by  small  irregular  areas  and  streaks  that  are  paler,  more  coarsely 
crystalline,  and  more  largely  formed  of  feldspar.  Prominent  partings  in  the  rock 
mass  divide  it  into  layers  10, 15,  and  more  feet  in  thickness,  and  seem  to  conform 
in  attitude  with  the  structure  of  the  bordering  ssdiments.  North  of  this  island, 
a  smaller  mass  of  similar  rock  occurs  alonsr  the  course  of  the  same  anticlinal 
axis  and  in  this  case  the  sheeted  appearance  is  even  more  prominent  and  regular, 
and  certain  zones  are  characterized  by  well-developed  ellipsoidal  structure  such 
as  is  commonly  supposed  to  be  characteristic  of  flows. 

Division  No.  6 

On  Tukarak  island,  near  the  line  of  section,  the  strata  immediately  suc- 
ceeding the  diabase  mass  are  very  poorly  exposed  and  the  lowest  division,  No.  6 
of  the  measured  section,  outcrops  at  only  three  horizons  in  a  total  thickness  of 
705  feet.  The  lowest  horizon  is  just  above  the  base  of  the  sedimentary  series 
and  is  composed  of  dark,  dull  reddish,  well-bedded  argillites  and  impure  lime- 
stones. The  argillites  are  faintly  banded.  They  are  interleaved  with  the  lime- 
stone and  also  occur  within  it  as  thin,  discontinuous  layers  and  fragment-like, 

lOp.  clt.  p.  418. 
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small  ^bodies  arranged  parallel  with  one  another.  The  limestone  shows,  generally, 
a  greenish  tinge  irregularly  developed,  is  of  medium  grain,  semi-crystalline,  and 
carries  numerous  round  quartz  grains. 

About  160  feet  higher  in  the  series  are  exi>09ures  of  diabase  grading  into 
amygdaloidal  diabase  and  overlain  by  a  dark  grey,  faintly  greenieh,  fine-grained, 
compact  rock  of  very  uniform  character,  though  faintly  showing  a  banding 
marked  by  variations  in  shades  of  colour.  At  the  outcrop  of  the  third  and 
uppermost  horizon  the  beds  are  dark  red  argillitee  handed  in  various  tones. 
These  lie  180  feet  below  the  base  of  the  next  succeeding  division,  No.  5. 

Division  No.  5 

Division  No.  5  has  a  thickness  of  1,646  feet  and  is  fairly  well  exposed  along 
the  line  of  section.  The  stratum  chosen  as  the  base  of  this  division  is  a 
purplish  red  limestone,  finely  crystalline  and  traversed  by  layers  and  streaks  of 
deeper  red,  dense  argillite.  About  10  feet  of  the  limestone  is  exposed.  It  is 
succeeded  upwards  after  a  short,  exposureless  interval,  by  compaot,  purple  or 
red  argillites,  which  are  interbedded  with  other  rocks.  As  the  series  is  ascended, 
the  argillites  gradually  decrease  in  volume  until  they  are  represented  by  only 
occasional  zones  5  or  10  feet  thfck. 

The  greater  part  of  the  strata  in  this  1,600-foot  interval  are  quartzitic.  They 
vary  rapidly  in  texture  from  bed  to  bed  and  alternate  with  very  fine-grained 
beds  which  are  presumably^  composed  largely  of  quartz  but  in  many  cases  have 
a  general  resemblance  to  argillites.  The  coarser  types  occasionally  hold  quartz 
grains  as  large  as  an  eigrhth  of  an  inch  across.  The  beds  are  a  dark  greenish 
grey  on  fresh  surfaces  changing  to  pale  grey  or  pale  yellowish  on  weathered 
faces.  The  distinctly  sandy  types  are  mainly  of  small,  close-set^  glassy  quartz 
grains  and  the  individual  beds  mostly  lack  signs  of  bedding.  The  finer-grained, 
almost  dense  varieties  in  some  cases  are  massive  also,  but  in  other  instances  they 
show  regularly  alternating  lines  and  thin  layers  of  different  shades  of  green 
and  grey.  Occasional  beds  of  pale  grey,  rusty-weathering  carhonate  occur  with 
the  quartzitic  measures  in  the  lower  part  of  the  division.  These  are  much  more 
abundant  in  the  upi)er  500  feet,  where  also  the  siliceous  beds  are  as  a  rule 
paler  than  below,  in  some  cases  pinkish  or  cream  coloured,  and  in  some  instances 
carrying  a  considerable  amount  of  carbonate. 

The  carbonate  beds  occur  most  abundantly  in  the  upper  part  of  the  division 
and  vary  in  cotour  from  very  pale  grey  to  dark  grey.  They  seem  to  range  from 
nearly  pure  carbonate  to  highly  siliceous  phases.  All  are  very  fine  grained, 
usually  almost  dense.  The  purer  varieties  are  finely  crystalline  and  on  weathered 
surfaces  have  a  pronounced  yellow  or  deep  cream  colour.  For  the  most  part  the 
carbonate  rocks  effervesce  feebly  and  are  presumably  magnesian  and  in  part^ 
perhaps,  iron-rich.  On  weathered  surfaces  some  of  them  show  very  fine,  regular 
banding,  whereas  others  are  very  rough,  deeply  and  irregularly  recessed,  appar- 
ently because  of  the  presence  of  thin,  discontinuous  layers  of  lees  resistant 
materials. 

Division  No.  4 

The  carbonate  beds  in  the  upi)er  part  of  Division  No.  5  mark  a  transition 
to  the  strata  of  Division  No.  4,  which  through  a  thickness  of  2,686  feet  are 
largely  carbonates.  The  lower  beds  of  the  division  weather  brownish  yellow  and 
very  pale  yellow;  but  fresh  surfaces  vary  from  pale  to  dark  grey  and  appear 
dense  or  very  fine  grained.  Occasional  layers  are  pink,  white  faintly  tinged 
pink,  or  nearly  pure  white  on  fresh  surfaces.  There  are  some  shaly  beds  towards 
the  base  of  the  division,   whose   weathered    surfaces    are   frequently  a  deeper 
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brown  and  yellow.  The  individual  carbonate  beds  vary  from  1  to  10  feet  in 
thickness  and  often  are  banded.  The  varying  ehades  and  tints  change  from 
layer  to  layer,  though  successive  zones  are  largely  of  one  general  colour.  Such 
beds  continue  through  a  thickness  of  950  feet,  though  near  the  top  there  appear 
a  few  beds  of  pink  carbonate  and  several  thinly  banded  grey  and  greenieh  zones, 
with  streaks,  dashes,  and  lines  of  nearly  black  <jhert  marking  the  bedding  planes 
in  several  layers.  These  beds,  nearly  1,000  feet  thick,  have  been  referred  to  as 
carbonates  rather  than  limestones,  since  the  brownish  weathering  so  character- 
istic of  most  of  them  and  the  further  fact  that  most  if  not  all  these  rocks  do  not 
effervesce  very  freely  in  cold  acid,  indicate  they  are  not  pure  limestones  hni, 
possibly,  magnesium-iron-carbonates. 

Many  layers  in  the  950  feet  of  strata  above  described,  especially  in  the 
upper  part^  contain  forms  to  which  Moore  has  directed  attention  and  which  he 
regarded  as  being  due  to  algse.^  These  bodies  tend  to  show  elliptical  cross-sections 
which  in  the  simpler  forms  exposed  by  weathering  are  marked  by  an  outer, 
relatively  broad,  raised  zone  of  closely  crowded,  concentric  but  discontinuous 
dark  lines.  The  central  part  of  the  form  is  usually  depressed  and  frequently 
free  of  any  prominent  signs  of  structure.  On  fresh  fractures,  the  structure  is 
no  longer  represented  by  concentric  lines  but  by  a  difference  in  colour  or  tex- 
ture of  the  whole  form.  Commonly  the  material  of  the  form  and  of  the  con- 
taining rock  is  carbonate.  Occasionally  the  form  is  represented  by  dark  chert 
and  then  the  concentric  onion-like  structure  of  the  whole  is  clearly  apparent. 
These  bodies  are  usually  close-set,  but  not  touching  one  another.  Their  out- 
lines are  spheroidal  but  irregular.  In  some  cases  two  or  more  individuals  are 
enclosed  by  an  outer  mesh  to  produce  one  composite  form.  In  individual  beds 
there  is  a  tendency  for  the  forms  to  be  of  one  general  size  and  this  in  different 
beds  ranges  from  an  inch  or  less  to  above  a  foot  in  diameter.  A  tendency  for 
the  forms  to  be  abundant  in  one  bed  and  absent  from  a  succeeding  bed  is  char- 
acteristic. 

Overlying  the  above  measures  occurs  nearly  1,000  feet  of  purplish  and 
pinkish  weathering  limestone,  presumably  magnesian,  pale  and  dark  pink 
on  fresh  surfaces.  The  limestone  is  finely  crystalline  and  is  traversed  by  thin 
bands  and  fragmentary  layers  of  deeper  red  colour,  very  dense,  apparently 
argillaceous.  This  argillaceous  material  stands  out  in  relief  on  weathered  sur- 
faces and  frequently  is  so  disposed  as  to  give  an  irregular,  mesh-like  structure. 

The  remaining  overlying  600  feet  of  Division  No.  4  consists  of  limestones, 
presumably  magnesian,  white  to  dark  grey  when  fresh,  but  generally  weathering 
in  varying  tints  of  yellow  to  brown.  Occasional  zones  are  deep  red  on  the  sur- 
face and  pale  pink  where  unweathered.  The  rocks  are  banded,  the  bands  vary- 
ing in  width  from  almost  paper  thin  up  to  several  inches  or  even  feet.  The 
alternating  layers  differ  in  colour  and  texture  and  owing  to  their  varying  powers 
of  resistance,  alternate  layers  are  frequently  recessed.  In  places  the  banding  is 
very  regular,  in  others  the  more  resistant  layers  are  fragmentary  or  so  irreg^ular 
in  shape  and  distribution  as  to  form  a  mesh-like  structure. 

The  strata  of  Division  No.  4  occupy  much  of  Tukarak  island  and  form  a 
wide  band  extending  northward,  probably  through  the  whole  length  of  the  island. 
They  form  the  islands  between  Tukarak  and  Innetalling  islands  and  are  present 
on  the  north  shore  of  Innetalling  island,  but  owing  to  the  southward  pitch  of 
the  anticline  that  brings  them  to  the  surface,  they  disappear  southward  on  this 
island  beneath  the  succeeding  formations.  The  strata  of  this  division  are 
broadly  exposed  on  the  large  island  in  the  north  part  of  Kipalu  inlet,  already 
referred  to  as  situated  on  the  course  of  the  next  major  anticline  to  the  west. 
Equivalent  strata  are  exposed  on  the  west  side  of  Kasegalik  lake;  they  extend 

sOp.  cit.,  pp.  420-429. 
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northward  for  a  considerable  but  unknown  distance  and  here  again  outcrop 
along  the  course  of  a  major  anticline. 

Division  No.  8 

Overlying  the  calcareous  rocks  of  Division  No.  4  are  728  feet  of  slates  with 
irregular  streaks  and  small  lenses  of  pale  weathering  limestone  distributed 
through  a  few  feet  at  the  base.  The  bulk  of  the  strata  are  red  slates  with 
narrow,  pale  grey  layers,  in  places  closely  spaced,  in  others  widely  separated. 
The  red  slates  are  in  part  rich  in  carbonate.  Towards  the  top,  the  Ted  strata 
are  interbanded  with  green  or  with  zones  of  dark  grey  which  themselves  in  some 
cases  are  finely  and  regularly  banded.  The  upper  part  of  the  division  consists 
of  dull  greenish  and  reddish  slates  with  thin  interbeds  of  yellowish  weathering 
quartzitic  sandstones. 

This  slaty  division  extends  southward  along  the  east  limb  of  the  anticline 
on  Tukarak  island,  and  occurs  on  islands  to  the  south  and  on  the  north  shore  of 
Innetalling  island,  where  by  reason  of  the  southward  pitch  of  the  anticline  the 
horizon  disappears  beneath  succeeding  members  of  the  geological  series.  The 
red  slates  with  the  imderlying  and  overlying  divisions  doubtless  continue  north- 
ward on  the  west  limb  of  the  anticline  and  apparently  partly  occupy  a  series  of 
isknds  that  fringe  the  west  shore  of  Tukarak  island. 

The  red  slates  outcrop  on  the  east  limb  of  the  next  main  anticline  to  the 
west  in  Kipalu  inlet.  There  they  are  confined  mainly  to  a  limited  area  on  the 
mainland,  since  for  most  of  their  extent  they  lie  beneath  the  ©ea.  The  same 
horizon  is  presumably  again  repeated  on  the  anticline  of  the  valley  of  Kasegalik 
lake,  but  that  district  is  heavily  drift  covered  and  void  of  exposures  in  the 
parts  where  the  strata  might  be  expected  to  occur. 

Division  No.  2 

The  strata  of  Division  No.  2,  for  a  thickness  of  500  feet  above  the  inter- 
banded red  and  green  sktes,  are  largely  quartzites  and  dull  greenish  slates. 
The  quartzites  vary  from  pale  coloured  rocks  whi<^  are  fine,  even-grained  aggre- 
gates of  rounded  quartz  grains,  to  dark  coloured,  nearly  black  varieties  in  which 
the  minute  quartz  grains  are  scattered  irregularly  through  an  argillaceous  base 
or  in  which  the  quartz  is  aggregated  in  thin  layers  that  alternate  with  equally 
thin  argillaceous  layers. 

Above  this  lower  horizon  the  strata  for  a  thickness  of  over  700  feet  consist 
of  two  thick  zones  of  siliceous  limestone  separated  by  a  relatively  narrow  zone 
of  quartzites.  The  calcareous  rocks  mostly  weather  with  a  yellow  or  brownish 
tinge,  sometimes  faint,  sometimes  very  deep.  Rarely  the  rocks  are  pinkish. 
On  fresh  surfaces  the  strata  vary  from  white  to  dark  grey.  In  composition  they 
range  from  nearly  pure,  finely  crystalline  carbonates,  to  quartzites  with  an 
abundant  carbonate  matrix.  The  finer -grained  varieties  frequently  present  a 
narrow  banding  due  to  variations  from  layer  to  layer  in  the  proportions  of  the 
siliceous  matter. 

Above  this  calcareous  horizon,  the  rest  of  the  division  for  a  thickness  of 
450  feet  to  the  base  of  the  iron-formation  consists  of  quartzites  with  occasional 
thin  layers  of  very  siliceous  limestones.  The  quartzites  on  fresh  surfaces  vary 
in  colour  from  nearly  white  to  dark  grey.  On  weathered  surfaces  they  are 
mostly  yellow  or  pink,  apparently  as  the  result  of  the  decomposition  of  a  car- 
bonate which  is  invariably  present,  though  usually  in  very  small  amounts.  Some 
zones  are  darker  and  finer  grained  than  the  bulk  of  the  strata,  but,  save  for 
the  carbonate,  the  rocks  seem  almost  entirely  composed  of  minute,  rounded, 
close-set  clastic  quartz  grains.    Slight  variations  in  the  size  of  the  grains  char- 
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acterize  different  layers.  In  general  the  rocks  are  massive  and  the  individual 
zones  structureless,  but  at  various  horizons  bedding  is  very  apparent,  especially 
in  the  case  of  the  darker-coloured  varieties. 

The  above-described  quartzitic  division  with  its  interbedded  carbonate  zone, 
everywhere  directly  underlies  the  iron-formation.  The  upper,  nearly  pure 
quartzitic  member  always  has  much  the  same  general  character  and  thickness, 
but  the  number  and  thicknesses  of  the  calcareous  bands  in  the  lower  part  of 
the  division  appear  to  vary  from  place  to  place,  although  remaining  fairly  con- 
stant over  considerable  areas. 

This  division  outcrops  on  the  east  side  of  Tukarak  island,  striking  north 
and  south,  and  doubtless  also  occurs  on  the  west  side  of  the  island  on  the  west 
limb  of  l3ie  anticline.  The  strata  of  this  horizon  extend  southward  into  Inne- 
taHing  island,  outcropping  in  the  central  valley  southward  to  where  this  valley 
narrows  and  becomes  floored  with  drift.  On  both  sides  of  Elipalu  inlet,  on  the 
opposing  limbs  of  the  next  anticline  to  the  west,  the  quartzitic  horizon  is 
exposed  at  intervals  on  projecting  points,  and  on  islands,  and  in  the  north  it 
outcrops  nearly  continuously  for  8  miles.  In  all  probability  the  quartzite  occurs 
along  the  next  anticline  to  the  west,  in  Kasegalik  Lake  valloy,  but  the  parts  of 
this  district  seen,  and  in  which  the  quartzite  might  be  expected  to  occur,  are 
drift  covered  without  rock  outcrops. 

DmSIOX  No.  1  "  IRON-FORMATION  " 

The  "iron-formation,"  or  "Keepalloo"  formation  as  Moore  named  it,  abruptly 
succeeds  the  underlying  quartzite.  The  strata  of  the  two  divisions  are  not  inter- 
bedded, nor  are  any  gradational  or  intermediate  forms  present.  The  iron- 
formation  along  the  general  line  of  section  has  a  thickness  of  365  feet,  is  a 
bedded  formation,  and  at  certain  horizons  at  least,  carries  some  undoubted 
clastic  material.  It  varies  in  thickness  somewhat  from  district  to  district  and 
is  variable  in  its  general  characters,  though  the  order  of  succession  is,  in  its 
broad  outlines,  everywhere  much  the  same.  A  full  description  of  the  iron- 
formation  and  its  distribution  is  given  in  the  succeeding  chapters. 

EFFUSIVES 

The  top  of  the  iron-formation  wherever  seen  is  followed  by  a  thick  sill  of 
diabase.  Above  this  sill  in  most  places  is  a  layer  a  few  feet  thick  of  black, 
carbonaceous  shales,  that  is  presumably  a  part  of  the  iron-formation  separated 
from  the  main  body  by  the  intervening  sill.  Above  occur  sheets  of  diabase,  pre- 
sumably flows,  which  form  the  uppermost  strata  exposed  on  the  islands.  These 
effusives,  so  far  as  seen,  are  of  dark,  fine-grained  diabase  or  basalt,  not  amygda- 
loidal  but  generally  with  an  ellipsoidal  structure  for  the  most  part  so  well 
developed  that  vertical  faces  of  the  basalt  usually  appear  as  if  composed  of 
closely  set,  spheroidal  forms  of  widely  varying  sizes.  In  various  instances,  how- 
ever, the  lower  part  of  a  sheet  here  and  there  lacks  the  ellipsoidal  structure.  In 
such  cases,  in  vertical  sections,  the  non-ellipsoidal  portion  was  seen  to  extend 
from  the  base  upwards  to  varying  heights  and  to  merge  laterally  and  vertically 
into  the  ellipsoidal  mass.  The  basalt,  presumably  of  effusive  origin,  apparently 
occurs  in  a  series  of  flows  of  varying  thickness,  in  some  places  resting  directly 
on  one  another,  in  other  places  parted  by  thin  layers  of  dark  shale  or  limestone. 
In  one  section  at  least  twelve  sheets  of  basalt  are  present  in  a  thickness  of  200 
feet.  These  basalt  sheets  form  the  summit  of  the  stratigraphical  column  and 
their  upper  limit  is  an  erosion  surface  representing  an  unknown,  destroyed 
thickness.  Their  original  volume  may  have  been  much  greater  than  the  greatest 
thickness  seen,  namely  200  feet. 
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The  effusives  and  the  immediately  underlying  sill  now  outcrop  over  much 
of  the  eastern  part  of  the  islands.  They  occur  along  the  east  side  of  Tukarak 
ifiland  and  on  a  series  of  narrow  islands  fringing  the  west  shore.  They  con- 
tinue southward  as  narrow  ridges  on  both  sides  of  Innetalling  island  and  form 
all  the  islands  south  of  this.  The  effusives  occupy  the  greater  part  of  the  long 
peninsula  and  the  long  island  south  of  it  that  separate  Omarolluk  sound  from 
Edpahi  inlet.  The  same  rocks  form  nearly  the  whole  of  the  ridge  separating 
Eapalu  inlet  from  the  valley  of  Kasegalik  lake  and  extending  northward  to 
the  northeast  shore  of  Flaherty  island.  How  extensively  the  basalt  may  be 
developed  over  the  western  part  of  the  islands  is  unknown,  but  since  diabase  is 
reported  to  form  the  southern  shores  of  that  part  of  the  island  group,  it  is  prob- 
able that  the  effusives  are  laigely  developed,  though  northward  it  is  probable 
that  the  underlying  strata  outcrop. 

INTRUSIVES 

As  already  stated  the  main  part  of  the  iron-formation  is,  so  far  as  known, 
everywhere  directly  succeeded  by  a  sheet-like  body  of  diabase.  This  is  variable 
in  thickness,  perhaps  ranging  between  60  feet  and  100  feet  The  rock  is  a  normal, 
olivine-free  diabase,  of  medium,  even  grain  save  at  its  upper  and  lower  surfaces 
where  it  is  fine  grained.  The  sheet  is  characterized  by  partings  giving  a  columnar 
structure.  Ellipsoidal,  vesicular,  and  flow  structures  were  nowhere  seen.  The 
lower  contact  in  general  conforms  to  the  bedding  planes  of  the  underlying  iron- 
formation,  but  in  detail  this  apparent  conformity  is  found  to  be  fictitious.  The 
contact  plane  locally  rises  and  falls.  In  places  it  sinks  20  feet  or  more  in  an 
horizontal  distance  of  100  feet  and  occasionally  the  plane  of  contact  truncates 
the  dark  slaty  rocks  of  the  underlying  iron-formation.  In  several  instances 
tongue-like  projections  of  the  sheet  were  seen  following  bedding  planes  in  the 
iron-formation,  splitting  off  layers  several  hundred  yards  long  and  a  few  feet 
thick. 

At  its  top,  this  universal  sheet  is  either  followed  by  a  few  feet  of  dark, 
argillaceous  shales  separating  the  diabase  from  the  overlying  ellipsoidal  basalt, 
or  else  the  effusive  basalt  rests  directly  on  the  diabase  sheet.  The  overlying 
thin,  shaly  parting  though  not  continuous  ifi  very  persistent  and — as  along  the 
east  side  of  Kipalu  inlet — ^may  be  seen  to  extend  for  miles  with  scarcely  a 
break. 

The  crosscuttini?  character  of  the  lower  boundary  of  the  diabase  sheet,  its 
columnar  habit,  and  the  lack  of  vesicular,  ellipsoidal,  or  other  structures  char- 
acteristic of  surface  flows  indicate  that  the  rock  mass  is  a  sill  which  has  intruded 
the  strata  at  or  just  beneath  the  base  of  the  basalt  flows.  Other  diabase  sills, 
but  none  comparable  with  this  in  extent,  occur  in  the  iron-formation  and  under- 
lying members  of  the  Belcher  series.  Thick  sills  measuring  50  feet  or  more,  as 
well  as  much  thinner  ones,  were  seen  in  the  iron-formation  on  Tukarak  and 
Innetalling  islands.  Examples  of  sills  in  lower  members  of  the  Belcher  series 
were  seen  on  Tukarak  island,  along  the  shores  of  Kipalu  inlet,  and  at  the  head 
of  Kasegalik  lake. 

The  sills  which  occur  below  the  top  of  the  iron-formation,  unlike  the  upper- 
most sill,  appear  at  different  horizons  in  different  sections  and  none  were  seen 
more  than  a  few  miles  long  while  most  of  th'em  extend  for  only  a  few  hundred 
yards.  Some  are,  as  mentioned,  50  feet  thick,  or  more;  others  are  less  than  15 
feet  thick.  Each  sill  tends  to  occur  at  a  constant  horizon  throughout  its  length, 
but  possibly,  as  noted  in  various  instances,  the  sills  may  in  most  cases  pass  from 
one  horizon  to  another  either  very  gradually  or  in  a  series  of  small,  abrupt,  step- 
like jumps.     I>ocal  complexities  in  the  structure  of  the  containing  strata,  such  as 
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abrupt  reversals  in  the  direction  of  the  dip,  small  corrugations,  etc.,  were  noted  in 
various  places  in  the  immediate  vicinity  of  the  sills,  and  perhaps  some  casual  con- 
nexion exists  between  these  structural  features  and  the  intrusion  of  the  sills. 

Besides  the  sills  there  are  less  regular-shaped  bodies  of  diabase.  On  the 
west  side  of  Kipalu  inlet  for  example  there  is  in  the  iron-formation,  close  to 
the  water's  edge,  a  vertical  body  of  diabase  that  outcrops  at  intervals  for  several 
hundred  yards.  In  part  its  boundaries  are  quite  irregular,  the  mass  thinning 
and  thickening  and  sending  out  tongue-like  extensions  along  the  strike.  It  is 
possible  this  mass  is  located  along  a  fault  plane,  for  the  bordering  rocks  are  in 
part  locally  disturbed. 

As  already  stated,  it  is  not  impoeaible  that  the  large  bodies  of  diabase 
situated  on  the  anticlinal  axes  that  respectively  traveree  Tukarak  island  and 
Kipalu  inlet,  are  intrusives.  If  they  are,  they  may  be  of  the  same  general  age 
as  the  widely  occurring  sills. 

Oeological  Stmctnre 

The  geological  structure  of  the  eastern  part  of  Belcher  islands  is  that  of 
a  series  of  broad  folds  trencQng  approximately  north  and  south,  whose  positions 
are  indicated  by  the  major  physical  features  of  the  island  group.  In  the  east 
an  anticlinal  axis  passes  from  north  to  south  through  Tukarak,  Innetalling, 
and  the  islands  beyond.  On  Tukarak  island  the  anticline  plunges  to  the  north. 
To  the  south  of  Tukarak  island  it  plunges  gently  southward  so  that  gradually 
all  but  the  effusive  rocks  sink  below  sea-level.  In  the  south,  the  axial  part  of 
the  fold  is  represented  omly  by  a  long,  narrow  seaway  between  two  slender 
islands  of  effusive  rocks  which  dip  gently  away  from  the  intervening  channel. 

Omarolhik  sound,  bounding  the  above  islands  on  the  west,  is  presumably  a 
synciiaal  basin.  Its  western  limb  appears  on  the  long  peninsula  of  the  east  side 
of  Flaherty  isfland  and  the  long  island  continuing  Uiis  peninsula  southward. 
Towards  the  south,  the  islands  bounding  Omarolluk  sound  converge  and  thus 
seem  to  indicate  that  the  main  synclinal  form  plunges  northward. 

West  of  the  Omarolluk  Sound  syncline,  an  anticline  traverses  Kipalu  inlet. 
This  anticlina'l  axis  from  a  point  near  the  head  of  the  inlet  plunges — ^like  that 
south  of  Tukarak  island — gently  southward ;  northward,  the  plunge  is  in  the  oppo- 
site direction,  is  more  marked,  and  the  effusive  rocks  at  the  top  of  the  strati- 
graphical  column  close  in  and  almost  encircle  the  head  of  the  inlet. 

A  third  major  anticline  traverses  Kasegalik  Lake  valley,  the  synclinal  form 
between  this  and  the  Kipalu  Inlet  anticline  being  represented  by  the  inter- 
irening  ridge  of  effusives.  The  general  structure  of  the  western  anticline  and 
of  the  western  part  of  the  islands  is  unknown  but  in  all  probability,  is  the  same  as 
in  the  east,  and  possibly  ends  with  a  syncline  traversing  the  outermost  main 
island. 

The  strata  of  the  major  folds  are  affected  everywliere  by  minor  folds  of  the 
nature  of  open  domes  and  basins  elongated  parallel  to  the  courses  of  the  main 
folds.  Locally  the  strata  exhibit  still  smaller  folds,  in  some  cases  descending  in 
size  to  open  corrugations  measuring  a  few  feet  or  yards  from  crest  to  crest. 

The  measures  appear  to  be  singularly  free  from  faulting.  A  major  fault 
or  zone  of  faulting  may  follow  the  axis  of  the  anticline  of  Kipalu  inlet,  for  the 
space  at  the  head  of  the  inlet  now  occupied  either  by  drift  or  water  seems  almost 
too  limited  to  permit  the  strata  to  bend  round  from  the  east  and  west  limb  of 
the  anticline  without  rupture.  Some  evidence  of  an  east- west  fault  is  afforded 
by  exposures  in  the  narrow  valley  which  extends  westward  from  near  the  head 
of  Kipalu  inlet  to  a  bay  on  Kasegalik  lake.  At  this  locality,  along  the  north 
^ide  of  the  largely  drift-covered  valley  floor,  are  several  exposures  of  corrugated 
and  highly  disturbed  strata.    These  may  mark  a  fault  zone,  but  if  they  do,  the 
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net  differential  moyement  mufit  be  small,  judging  from  the  relative  poeitions  of 
the  strata  north  and  south  of  this  limited  zone  of  disturbance.  As  already 
stated,  local  irregularities — in  some  instances  very  pronounced  in  character — 
occur  near  some  of  ^he  diabase  intrusions.  These  irregularities  do  not  extend 
far  from  the  igneous  body. 

Consequent  upon  the  geological  structures  effecting  the  strata,  the  various 
horizons  outcrop  in  bands  running  north  and  south  and  gradually  sinking  in 
both  directions  beneath  sea-level.  Along  their  courses  the  bands  locally  rise 
and  fall  through  the  operation  of  the  minor  folds.  For  the  same  reason  the 
outcrops  of  the  bands  that  traverse  relatively  level  districts  may  follow  curving 
courses  or  be  repeated  in  closed  forms  to  one  side  of  the  main  band.  In  general, 
the  strata  in  the  axial  areas  have  comparatively  low  angles  of  dip,  whereas  on 
the  limbs  of  the  folds  high  angles  of  dip  up  to  vertical  are  common. 

Correlation 

The  upper  part  of  the  Belcher  series,  as  has  been  xwinted  out  by  Moore,^  is 
almost  certainly  the  equivalent  of  the  upper  part  of  a  group  of  strata  that  occur 
at  intervals  on  the  islands  bordering  the  east  coast  of  Hudson  bay  from  cape 
Jones  north  to  Portland  promontory  and  in  places,  as  around  Richmond  gulf, 
outcrop  on  the  mainland  itself.  The  strata  in  question  have  been  named  by 
Leith,*  the  Naetapoka  group.  To  an  underlying  series,  the  same  author  has 
given  the  name  Richmond  group'  since  he  supposed  the  lower  group  was  uncon- 
formable beneath  the  upper.  Low*  has  given  many  details  regarding  these  groups  of 
strata  which  he  believed  formed  one  conformable  assemblage  whose  middle 
member  is  that  which  Leith  called  Nastapoka.  In  the  following  table  are  given 
in  descending  order,  condensed  statements  of  various  sections  as  measured  by 
Low,  together  with  two  sections  measured  by  the  present  writer,  one  on  Long 
island,  and  one  on  Belcher  islands.  In  the  table,  the  sections  are  arranged  in 
order  from  north  to  south : 

No.  1,  north  end  of  Long  island,  north  of  cape  Jones  on  east  coast  Hudson  bay. 
No.  2,  Manitounik  islands,  55  miles  northeast  of  Lon^  island. 
No.  3,  Little  Whale  river,  85  miles  north  of  Manitounik  section. 
'  No.  4,  Richmond  gaH,  south  shore  of,  12  miles  north  of  Little  WhaJe  river. 
No.  5,  Richmond  ffulf ,  south  fthore  of,  east  of  above. 
No.  6,  Belanger  island,  opposite  Richmond  gulf. 
No.  7,  Belcher  islands. 

Thicknesses  in  Feet 


Locality  No. 

1 

2 

3 

4 

5 

6 

7 

Iron-formation 

340 
60 

82 
778 

255 
294 

365 

Quartzites,  etc 

118 

145 

239 

1,147 

Slates 

723 

Limestones 

150 

334 
150 

168 

230 

70 

2,686^ 

Quartzites  (mainly) 

1,646 

Slates,  etc 

705 

Limestones 

210 
175 

(Unconformity) 

Arkose 

lOp.  cit.,  p.  415. 

zLeith,  C.  K..  "An  Algronkian  Basin  in  Hudson  Bay — ^A  Comparison  with  the  Lake 
Superior  Basin,"  Econ.  Geol.,  vol.  6,  pp.  227-246,  1910. 

^••Richmond  Oroup*\  Since  a  division  of  the  Ordoviclan  has  long  been  known  by  this 
name.  It  Is  here  suflrgested  that  the  Preoambrlan  formation  in  question  might  be  renamed^ 
the  Richmond  Gulf  group. 

*Low,  A.  P..  "Report  on  an  Exploration  of  the  Bast  Coast  of  Hudson  Bay,  etc.,  etc.," 
Geol.  Surv.,  Can..  Pub.  No.  778,  1902. 

"Report  on  the  Geology  and  Physical  Character  of  the  Nastapoka  Islands,  Hudson 
Bay,"  GeoL  Surv.,  Can..  Pub.  No.  819,  1903. 
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In  the  case  of  Section  No.  3^  at  Little  Whale  river,  the  arkose  at  the  base 
belongs  to  Leith's  Richmond  group  which,  according  to  Low,  is  2,000  feet  or 
more  thick  in  some  sections  on  Eichmond  gulf.  The  overlying  strata  of  section  3 
and  their  equivalents  in  the  other  sections,  together  with  the  iron-formation, 
constitute  the  Nastapoka  group.  The  variations  from  section  to  section,  in  the 
thicknesses  of  the  different  members,  are  in  part  due  to  the  fact  that,  except  in 
the  case  of  section  No.  7,  the  lowermost  members  are  not  accessible  for  measure- 
ment and  the  same  condition  holds  with  respect  to  the  uppermost  members  oi 
some  of  the  sections.  There  is,  however,  a  real  variation  in  thickness  from 
place  to  place  and,  in  the  case  of  the  section  on  Belcher  islands,  the  members 
below  the  iron-formation  are  much  thicker  than  elsewhera  The  validity  of  the 
correlation  of  at  least  the  upper  part  of  the  Beloher  series  with  the  Nastapoka 
group  rests  on  the  general  similarity  of  the  rock  succession,  on  the  geological 
structure  which  indicates  that  the  strata  have  all  passed  through  a  common 
history  since  their  formation,  and  on  the  lithological  characters  of  the  individual 
members.  The  equivalence  of  the  lower  part  of  the  Belcher  series  with  the 
lower  part  of  the  Nastapoka  group  as  developed  at  Little  Whale  river  (section 
No.  8)  is  open  to  doubt.  It  may  be  that  the  lower  5,000  feet  of  strata  on  Bel- 
cher islands  represent  some  part  of  the  time  interval  indicated  by  the  unoon- 
formity  at  the  base  of  the  Nastapoka  series,  or  it  may  even  be  that  sedimentation 
in  the  Belcher  Islands  district  was  continuous  from  Eidunond  Qulf  group  time 
into  and  through  Nastai)oka  time. 

As  regards  the  correlation  of  the  Nastapoka  series  and,  therefore,  also  of 
the  Belcher  series,  with  the  formations  of  the  Lake  Superior  region,  it  does  not 
yet  seem  possible  to  add  anything  of  value  to  the  statement  of  Leith,  namely, 
.  .  .  "  while,  therefore,  a  satisfactory  correlation,  in  the  nature  of  the  case, 
is  impossible,  one  familiar  with  Lake  Superior  geology  is  tempted  to  regard  the 
Nastapoka  series  as  of  Animikean  age."^ 


lOp.  cit,  p.  246. 
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CHAFTEB  in 

THE  ntON-FORMATION 

The  iron-formation  is  the  uppernwst  sedimentary  member  of  the  Belcher 
series  and  everywhere  rests  on  a  thi<ck  quartzite  member  from  which  it  is  sharply 
divided.  Upwards  it  ie  bounded  by  a  series  of  baealtic  flows,  but  for  conveni- 
ence the  upper  limit  is  taken  as  being  marked  by  the  base  of  a  thick  diabase 
sill  intruded  along,  or  very  close  to,  the  contact  of  the  basaltic  flows  and  the 
underlying  iron-formation.  The  sediments  and  overlying  flows  lie  in  a  series 
of  parallel  long  folds  the  arches  of  which  have  been  partly  eroded.  The  iron- 
formation,  once  continuous  over  the  whole  district,  is  now  confined  to  certain 
areas  where  it  is  largely  concealed  by  the  overlying  volcanic  rocks.  It  appears 
at  the  surface  only  along  the  edges  of  these  areas  in  long,  narrow  bands  out- 
cropping on  the  sides  or  at  the  foot  of  steep  slopes  surmounted  by  the  diabase 
sill  and  the  basaltic  rocks. 

The  position,  extent,  and  attitude  of  the  various  bands  of  the  iron-formation 
are  detailed  in  Chapter  IV.  The  outcropping  bands  form  four  areas,  which 
in  order  from  west  to  east  may  be  named:  (1)  the  Kasegalik  Lake  area,  (2)  the 
Kipalu  Inlet  area,  (3)  the  InnetaUing  Island  area,  and  (4)  the  Tukarak  Island 
area. 

Stratigraphical  Succession  and  Character 

KASEGALIK  LAKE  AREA 

The  Kasegalik  Lake  area  is  situated  in  the  northeast  part  of  Flaherty 
island.  It  includes  the  southern  part,  5  miles  long,  of  a  band  of  the  iron- 
formation  that  outcrops  along  or  close  to  the  east  shore  of  the  lake;  a  second 
band  2  miles  long  that  outcrops  IJ  miles  to  the  east  along  the  west  shore  of  th^ 
Head  of  Kipalu  inlet;  and  Anally  a  third  band-like  area  extending  east  and 
west  along  the  sides  of  a  cross  valley  and  connecting  the  first-mentioned  two 
bands.  These  several  band-like  outcrops  occur,  respectively,  along  the  west  and 
east  sides  and  across  the  middle  of  the  flat  synclinal  form  lying  between  the 
anticlines  of  Kipalu  inlet  and  Kasegalik  lake. 

In  this  area  the  whole  thickness  of  the  iron-formation  is  nowhere  exposed. 
The  lower  part  on  the  Kipalu  Inlet  side  lies  below  sea-level,  and  on  the  Kase- 
galik Lake  side,  it  is  everywhere  drift  covered.  The  greatest  exposed  thickness 
is  220  feet.  This  represents,  presumably,  not  more  than  the  upper  two-thirds  of 
the  formation,  for  in  the  other  areas  the  total  thickness  ranges  from  320  feet 
to  more  than  400  feet.  The  strata  are  divisible  into  two  members  and  the  divi- 
sion is  so  clearly  indicated  at  many  places,  and  is  so  i)ersistent  as  to  justify 
assuming  that  it  marks  a  natural  plane  of  division  occurring  throughout  the 
area  at  a  single  definite  horizon,  although,  from  place  to  place,  the  overlying 
strata  vary  somewhat  in  thickness.  For  convenience  in  describing  the  strata, 
the  measures  below  and  above  this  dividing  plane  will  be  referred  to,  respect- 
ively, as  the  Lower  Division  and  the  Upper  Division. 

1  Lower  Divuion 

The  Lower  Division,  on  the  Kipalu  Inlet  side,  is  exposed  to  a  depth  of  100 
feet  below  its  summit;  on  the  Kasegalik  Lake  side  only  the  upper  50  feet  any- 
where outcrop.    The  lowermost  50  feet  of  strata  from  the  lowest  exposed  beds 


Digitized  by 


Google 


19  E 

up  to  on  horizon  50  feet  below  the  summit  of  the  Lower  Division  are  fine-grained, 
in  part  dense  rocks  that  break  readily  along  slate-like  partings  spaced  parallel 
to  the  bedding  at  intervals  of  several  inches  or  lees.  The  strata  for  the  most 
part  weather  dark,  dull  red  or  brownish  red.  On  fresh  fractures  they  are  a  pro- 
nounced red,  brownish  red,  or  purplish  red,  with  interbedded  dark  grey  and 
black  layers  forming  zones  1  to  7  feet  thick.  At  the  top  and  bottom  of  the  dark- 
coloured  zones,  the  dark  grey  or  black  and  the  red  strata  are  thinly  interbedded 
and,  usually,  if  not  always,  each  of  the  dark-coloured  layers  grades  quickly 
upwards  into  the  succeeding  reddish  lay^* 

The  individual  dark  layers  vary  in  thickness  from  several  inches  to  much 
less.  They  are  for  the  most  part  unbanded  an<l  very  dense,  but  some  show 
distinct  bedding  indicated  by  lines  and  very  narrow  bands  of  black  and  different 
shades  of  grey.  Many  of  the  dark  grey  layers  weather  brownish,  but  the  black 
beds  do  not  change  colour  on  weathering.  Cold  acid  causes  no  perceptible  effer- 
vescence, but  frequently  the  beds  on  weathered  surfaces  are  minutely  pitted 
along  narrow  zones,  presumably  because  of  the  removal  of  a  carbonate.  The 
rocks  resist  a  knife  or  are  scratched  with  difficulty.  The  harder  varieties  have 
a  splintery  or  eemi-conchoidal  fracture.  One  specimen  examined  in  thin  sec- 
tion under  the  microscope  was  found  to  be  composed  of  very  fine-grained 
material  so  turbid  as  to  appear  dark  grey  by  transmitted  light  and  in  part,  at 
least,  seemingly  aggregated  in  faintly  indicated  oval  areas  varying  widely  in 
size  but  averaging  about  0-25  mm.  in  diameter.  In  addition  there  appear 
minute,  wisp-like  black  opaque  streaks,  perhaps  of  magnetite,  arranged  roughly 
parallel  with  one  another  and  with  the  longer  axes  of  the  vaguely  discernible 
oval  areas,  giving  a  foliated  or  bedded  appearance  which  is  further  emphasized 
by  variations  from  band  to  band  in  the  density  of  the  turbidity  of  the  general 
section.  The  material  composing  the  ovoid  bodies  is  exceedingly  fine  grained 
and  not  determinable,  but  was  judged  to  be  largely  silica  and  carbonate. 

An  example  of  the  softer  varieties  of  the  dark  rocks,  examined  in  thin 
section,  appeared  as  a  very  finely  granular  mass  of  a  somewhat  turbid  carbonate. 
The  carbonate  varies  somewhat  in  coarseness  from  layer  to  layer  and  is  abund- 
antly accompanied  by  minute  shreds  of  a  green — in  part  yellowish-green — 
mineral,  these  shreds  being  more  plentiful  in  occasional  very  thin  layers  than 
elsewhere.  A  very  few  minute,  perhaps  clastic,  grains  of  quartz  are  also  present. 
The  green  mineral  may  possibly  be  an  iron-bearing  compound  analogous  to 
greenalite  in  composition.  The  carbonate  is  presumably  ferruginous  also,  a 
eample  of  the  rock  assaying  13-2  x>er  cent  metallic  iron. 

The  more  abundant  red  rocks  form  layers,  some  of  which  are  unbanded, 
but  most  of  which  show  a  very  distinct  banding  due  to  minute  variations  in 
texture  and  colour  in  bands  varying  in  width  from  several  inches  to  a  small 
fraction  of  an  inch.  The  adjoining  layers  grade  into  one  another.  Some  of 
the  red  layers  are  dense,  moderately  soft,  and  look  argillaceous,  but  most  have 
a  granular  aspect,  though  so  fine  that  the  individual  grains  are  not  discernible 
even  with  the  aid  of  a  powerful  lens.  None  of  the  more  normal  red  rocks  of 
this  part  cf  the  section  in  the  Kasegalik  Lake  area  were  examined  in  thin  sec- 
tion, but  it  is  presumed  that  they  are  of  the  same  general  nature  as  examples 
from  the  Lower  Division  in  other  areas.  These  proved  to  be  composed  largely 
of  very  fine-grained  silica  or  carbonate  usually  masked  by  a  great  abundance 
of  dust-like  red  and  black  matter  presumably  hematite  (perhaps  hydrous)  and 
magnetite. 

In  both  the  red,  and  the  dark  grey  and  black  strata  are  o^3casional  distinc- 
tive layers  up  to  an  inch  in  thickness  that  pinch  and  swell  along  the  strike  or 
end  to  reappear,  after  a  short  interval,  along  the  same  horizon.  In  some 
instances,  instead  of  distinct  layers,  a  series  of  flattened  lenticular  bodies  up  to 
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3  inches  in  length  occur  in  narrow  zones.  The  material  of  these  irregular  layers 
and  lenticular  bodies  is  dark  red  or  purple,  has  a  finely  granular  texture  though 
the  individual  grains  are  not  discernible  to  the  unaided  eye,  and  seems  responsible 
for  the  momentary  briek  effervescence  frequently  producible  by  applying  acid 
to  unweathered  surfaces.  With  a  lens,  minute  red,  grey,  and  black  granules 
are  visible.  In  some  instances  relatively  large  cleavage  faces  up  to  an  eighth  of 
an  inch  in  breadth  of  a  red  carbonate  may  be  seen  enclosing  the  minute  rounded 
forms.  On  weathered  surfaces  the  material  is  frequently  minutely  pitted,  due, 
seemingly,  to  the  removal  of  very  finely  divided  carbonate.  Material  apparently 
similar  to  that  of  the  distinct  layers  also  occurs  disseminated  through  zones 
sometimes  so  thin  as  to  appear  as  lines  rather  than  bands.  In  the  case  of  the 
dark  strata,  thie  finely  divided  matter  is  in  places  sufficiently  abundant  to  give 
a  reddish  tint  to  the  rock. 

A  thin  section  of  one  of  these  purple  layers  occurring  in  the  dark  grey 
beds  proved  to  be  an  aggregate  of  turbid,  reddish  stained,  rounded  grains  of 
carbonate  averaging  about  0*5  mm.  in  diameter,  accompanied  by  opaque,  red 
hematite  grains  of  similar  outline  and  size  and  a  few  grains  of  magnetite.  The 
rock  is  a  ferruginous  carbonate  containing  by  chemical  analysis  12*8  per  cent 
metallic  iron.  A  thin  section  of  one  of  the  very  similar-looking  layers  in  the 
red  strata  appeared  under  the  microscope  as  a  rather  even,  fine-grained  aggregate 
of  clear  carbonate  in  irregularly  oval  grains  averaging  1  mm.  in  diameter,  of 
turbid  and  reddish-stained  carbonate,  of  opaque  red  material  presumably  hema- 
tite, and  of  magnetite.  Large  formless  grains  of  carbonate  also  compose  irregular 
bands,  which  are  apparently  of  secondary  origin,  since  they  reveal  remnants  of 
the  rounded  outlines  of  the  normal  grains.  The  very  abundant  hematite  also 
seems  to  be  secondary;  it  occurs  as  films  surrounding  the  magnetite  grains,  and 
all  gradations  are  present  from  nearly  pure  carbonate  grains  with  only  a  few 
specks  of  red  to  grains  completely  opaque  red.  Possibly  the  carbonate  was 
originally  ferruginous,  but  has  since  been  partly  transformed  to  non-ferruginous 
carbonate,  and  the  iron  oxide  has  been  set  free. 

In  the  red  and  dark  grey  strata  are  occasional  thin  layers,  in  some  instances 
several  inches  thick,  of  very  dark,  faintly  greenish,  cherty-looking  material 
having  a  semi-conchoidal  fracture  and  in  a  general  way  resembling  some  of  the 
harder,  dark  layers.  To  the  unaided  eye,  the  material  appears  dense,  but  with 
a  lens  very  minute  granules  are  visible,  some  reddish,  others  greyish  or  black 
and  not  so  clearly  distinguishable  as  the  red  forma.  Minute  grains  of  grey- 
brown  carbonate  occur  here  and  there  in  irregular  aggregates.  Under  the  micro- 
scope, the  rock  appears  composed  of  an  exceedingly  fine-grained,  almost  crypto- 
crystalline,  colourless  base  presumably  of  silica,  crowded  with  very  small,  ovoid 
bodies,  averaging  0-6  mm.  in  diameter.  A  few  of  these  bodies  are  of  magne- 
tite or  of  a  green  mineral,  perhaps  greenalite.  Most  of  them  are  of  silica  so 
fine  grained  as  to  appear  almost  dense,  and  they  vary  from  such  as  are  clear 
and  colourless,  save  for  a  turbid,  yellowish  margin,  to  others  wholly  yellowish 
or  faintly  greenish,  somewhat  turbid  looking,  and  appearing  red  stained  in 
reflected  light.  Many  green,  shred  or  lath-like  bodies  are  present,  perhaps  of 
greenalite,  and  many  similarly  shaped  individuals  are  opaque  and  are  red  in 
reflected  light.  Carbonate  is  present  in  single  formless  grains  and  aggregates 
of  the  same  and  seems  younger  than  the  other  constituents  and  probably  is  of 
secondary  origin. 

On  the  Elipalu  Inlet  side  strata  such  as  form  the  lower  50  feet  of  the  sec- 
tion continue  upwards,  but  in  a  thickness  of  about  10  feet  their  general  character 
gradu-ally  changes  to  that  of  a  second  phase  40  feet  thick  that  continues  to  the 
summit  of  the  Lower  Division.  On  the  Kasegalik  Lake  side  this  second  phase 
is  50  feet  thick  and  no  lower  strata  are  there  exposed.    In  the  upper  phase  the 
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strata,  are  more  massive  and  lack  the  easy,  elate-like  parting.  The  bulk  of  the 
measures  are  conspicuously  banded,  have  a  finely  granular  texture,  and  are  very 
ferruginous,  containing  much  magnetite  as  well  as  hematite,  and  assaying  at 
various  horizons  for  thicknesses  of  10  to  15  feet,  35  per  cent  to  45  per  cent 
metallic  iron.  The  general  odour  is  red,  in  places  very  dark  because  of  the 
abundance  of  magnetite.  Black  or  faintly  greenish  black  zones  several  feet  in 
thickness  occur  at  different  horizons  in  different  sections.  The  true  black  layers 
are  largely  composed  of  finely  granular  and  crystalline  magnetite  which  gives 
the  rock  a  faint  sheen.  The  faintly  green  beds  are  poorer  in  magnetite.  The 
assemblage  is  also  characterized  by  a  great  abundance  of  the  cherty-looking 
material  previously  described  as  occurring  very  sparingly  in  the  underlying 
beds.  In  places  this  cherty-looking  rock  occupies  as  much  as  20  -per  cent  of  the 
section. 

The  general  colour  of  the  upper  phase  of  the  Lower  Division  is,  as  stated, 
a  deep  red  verging  on  purple.  Beds  up  to  several  inches  in  thickness  have  a 
uniform  colour,  but  these  alternate  with  others  as  thick  which  are  characterized 
by  dark,  very  narrow  streaks  spaced  at  varying  intervals  or  so  grouped  as  to 
resemble  a  single,  nearly  black  layer.  Examined  with  a  lens,  the  red  layers  are 
seen  to  be  formed  of  close-set,  minute  grains  mostly  red,  but  in  many  cases 
black  and  then  composed  of  magnetite.  The  same  structure  holds  in  the  case 
of  the  dark-coloured  streaks  and  bands,  but  in  them  the  bla(^  magnetite  grains 
predominate. 

Other  beds  which  occur  with  those  just  described  are  purple,  more  compact, 
less  granular  in  appearance,  have  an  irregular  fracture  in  some  cases  verging 
on  conchoidal  in  character,  and  xwssess  a  slightly  vitreous  lustre.  Such  rocks, 
when  closely  examined  with  a  lens,  are  seen  also  to  be  composed  of  red,  grey, 
and  black  grains.  Other  beds,  which  form  layers  in  some  cases  several  feet 
thick,  are  very  dark  and  faintly  lustrous  from  the  great  abundance  of  magnetite 
which  in  some  examples  occurs  very  largely  in  minute  octahedra.  Occasional 
thin  layers  are  of  a  brighter  red  than  the  average,  are  very  fine  grained,  and 
have  an  argillaceous  appearance.  Some  layers  are  very  dark,  slightly  greenish, 
carry  abundant  grains  of  magnetite,  but  lack  the  reddish  and  grey  grains. 

The  finely  granular,  banded  red  and  purple  beds  when  examined  in  thin  sec- 
tion under  the  microscoi)e  present  evidence  of  having  once  been  composed  of 
minute  bodies  closely  set  in  a  matrix.  In  every  instance  two  general  types  of 
bodies  are  indicated,  one  hereafter  referred  to  as  being  granules,  tending  to  have 
rounded  or  elliptical  outlines  and  the  other  to  have  elongated,  lath-like  or  more 
irregular  shred-like  shapes. 

The  granules  in  some  thin  sections  are  predominantly  of  silica,  in  some 
cases  microcrystalline,  in  other  slides  cryptocrystalline.  In  some  cases,  these 
granules  are  irregular  mixtures  of  finely  granular  silica  and  minute  specks  of  a 
brilliantly  polarizing  mineral  which,  possibly,  is  calcite.  In  one  instance  the 
colourless  granules  were  almost  wholly  calcite.  The  colourless  granules  contain 
in  varying  proportions  in  different  sections,  and  in  different  bands  in  a  single 
section,  opaque,  dust-like  material.  In  some  cases,  this  mineral  is  red 
by  reflected  light  and  considered  to  be  hematite;  in  other  cases  it  is  black  by 
reflected  light  and  either  dull  or  with  a  metallic  lustre,  and  is  presumably 
magnetite.  .       '  j'  '         11         '^* 

In  every  section  may  be  observed  what  appear  to  be  all  gradations  from  a 
clear,  colourless  granule  to  a  perfectly  opaque  one,  either  red,  dull  black,  or 
black  with  a  metallic  lustre.  This  phenomenon  apparently  indicates  that  the 
granules  have  been  subjected  to  a  process  of  replacement  by  iron  oxide. 
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The  elongated,  frequently  shred-like  forme  are  in  part  composed  of  a  green 
mineral  whose  calour  varies  from  grass  green  through  yellowish  green  to  greenish 
yellow  or  brown,  one  tint  of  colour  being  usually  characteristic  of  each  section, 
as  though  the  variations  in  colour  might  be  of  secondary  origin.  The  mineral 
also  forms  rounded  or  plate-like  individuals.  These  show  no  pleochroiem  or 
absorption  of  colour,  but  the  elongated  forms  usually  do,  though  frequently  only 
faintly  so.  No  decided  cleavage  is  apparent,  but  the  elongated  individuals  in 
some  cases  vaguely  show  a  parting  or  appear  as  though  bent.  Between  crossed 
nicols  the  mineral  in  some  cases  shows  low  interference  colours,  in  other  cases 
colours  of  a  high  order.  The  mineral  is  presumably  greenalite  or  some  analogous 
ferrous  silicate.  In  many  cases  it  forms  a  small  part  of  the  otherwise  colourless 
granules  and  in  such  instances  seems  present  as  minute  specks  or  as  a  mere  film. 

In  different  thin  sections,  as  in  the  case  of  the  rounded  granules,  all  grada- 
tions may  be  observed  from  a  homogeneous  individual  of  the  green  mineral  to 
one  that  is  perfectly  opaque  and  either  red  or  black  by  reflected  light  Pre- 
sumably the  green  mineral  also  has  Seen  subjected  to  a  process  of  r^lacement 
by  iron  oxides. 

In  some  instances  the  unaltered  and  variously  replaced  granules  and  indi- 
viduals of  green  mineral  are  set  in  a  colourless  ground  of  silica,  either  finely 
granular  or  showing  radiating  and  sheaf-like  structures.  In  most  cases  the 
ground  is  composed  of  magnetite  or  of  magnetite  and  hematite.  The  hematite 
when  sparingly  present  is  irregularly  disposed;  when  abundant  it  occurs  in 
minute,  elongated  patches.  In  the  base  of  iron  oxide  are  also  clearly  visible, 
by  reason  of  a  difference  in  texture,  etc.,  rounded  or  oval  bodies  of  magnetite 
and  more  irregu'lar  forms  of  lustreless  black,  iron  oxide,  presumably  represent- 
ing replacements  of  the  green  mineral.  Much  of  this  formless  ground  may 
represent  replaced  granules,  but  some  part,  at  least,  is  a  replacement  of  the 
matrix  in  which  the  granules  once  were  set. 

Banding  is  indicated  in  all  thin  sections  by  variations  in  proportions  of 
the  different  constituents,  by,  in  nearly  every  case,  a  parallelism  of  the  elongated 
green  forms,  and,  less  generally,  by  a  parallelism  of  the  longer  axes  of  the  colour- 
less granules.  The  granules  show  much  variation  in  size  not  only  from  section 
to  section  but  within  individual  sections.  Occasional  individuals  are  four  or 
more  times  larger  than  the  next  average  size,  and  in  each  section  many  are  con- 
siderably smaller  than  the  average.  This  average  size  varies  from  section  to 
section  between  1  mm.  and  3  mm.  in  diameter.  The  outlines  of  the  forms  are 
variable,  but  in  general  tend  to  be  round  or  elliptical  and  are  never  angular. 

An  example  of  the  red,  dense,  argillaceous-looking  rOck  which  forms  occa- 
sional thin  beds,  when  examined  in  thin  section,  proved  to  be  solidly  opaque, 
and  cojnposed  chiefly  of  hematite,  but  with  considerable  magnetite  in  dust-like 
particles  and  small  grains.  The  hematite  has  a  streaked  look  and  appears  as 
though  it  might  be  in  small  aggregates,  some  oval  in  outline,  but  the  bulk  quite 
irregular  in  shape. 

The  more  compa<!t,  less  distinctly  granular  beds  that  have  a  faintly  vitreous 
lustre  were  found  when  examined  micrceeopically  to  have  a  colourless  base  of 
silica.  In  one  instance  this  appeared  as  a  fine-grained  mosaic  of  quartz  in  part 
distinctly  arranged  in  granular  layers  about  rather  widely  spaced  granules. 
These  are  small,  of  rather  even  size,  and  tend  to  be  elliptical  in  outline.  A 
majority  of  them  show  some  magnetite  and  many  are  solid  magnetite  or  mag- 
netite with  a  partial  narrow  rim  of  hematite.  Others  contain  near  their  centre 
a  minute  grain  or  two  of  quartz,  or  a  small  centrally  disposed  area  of  compara- 
tively coarse,  quartz  mosaic.  Gradations  occur  to  forms  in  which  magnetite 
composes  only  a  border  or  partial  border  around  a  quartz  mosaic,  and  some 
granules  are  almost  entirely  of  silica  either  comparatively  coarse  or  so  dense 
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as  to  appear  structureless.  In  some  granules  there  are  a  few  shreds  of  a  grass 
green  or  a  yellowish,  micaceous  looking  mineral  and  some  granules  are  almost 
entirely  of  such  material. 

Another  example  of  one  of  these  dark  bands  still  denser  and  more  siliceous 
looking  than  the  preceding,  when  examined  in  thin  section,  was  found  to  consist 
largely  of  silica  varying  in  grain  from  microcrystalline  to  very  finely  granular, 
the  different  textures  being  so  disposed  as  to  faintly  indicate  the  presence  of 
small  close-set  granules  for  the  most  part  oval  in  outline.  Through  the  section 
abundant  magnetite  occurs  in  formless,  small  grains  and  dust-like  particles 
lacking  any  special  structural  features.  The  green  mineral  is  also  abundantly 
present  in  small  shapeless  grains  and  larger  aggregates  of  the  same.  Calcite  is 
common  in  small  and  larger  grains  and  aggregates  of  the  same  and  some  of  the 
individuals  have  rhombohedral  outlines. 

Examples  of  dark,  nearly  black  rock  varieties  so  rich  in  magnetite  as  to 
have  a  distinct  Kistre,  in  thin  section  appeared  composed  in  about  equal  amounts 
of  magnetite  and  the  undetermined  green  mineral  which  presents  elongated 
forms  seldom  ragged,  lying  parallel  to  one  another.  The  magnetite  for  the 
most  iMirt  is  in  formless  aggregates  of  apparently  both  irregular  and  crystal- 
line grains,  the  latter  presenting  rectangular  boundaries  to  the  adjoining  areas 
of  green  mineral.  A  small  amount  of  carbonate  is  present  and  a  few  granules 
of  cryptocrystalline  silica. 

In  a  thin  section  of  another  example  the  rock  proved  to  have  the  same 
general  mineralogical  composition,  but  the  individuals  of  the  green  mineral  do 
not  show  any  common  orientation  and  the  relative  proportions  of  magnetite  and 
the  green  mineral  vary  from  place  to  place  in  the  thin  section.  A  thin  section 
of  a  magnetite-rich,  dark  variety  having  a  faint  purplish  tinge  was  found  to  be 
composed  of  a  continuous  matrix  of  magnetite  with  small  vague  areas  and 
stainings  of  hematite.  This  matrix  holds  isolated  granules  and  what  appeared 
like  remnants  of  granules  of  the  green  mineral;  also  dull  black,  opaque,  shred- 
like  patches  which  are  presumably  magnetite  pseudomorphs  after  the  green 
mineral.  A  thin  section  of  a  nearly  black,  faintly  greenish  type  not  so  rich  in 
magnetite  as  commonly  was  the  case,  proved  to  be  largely  composed  of  the  green 
mineral  holding  much  magnetite  in  formless  grains  and  small  granular  aggre- 
gates, and  a  few  elliptical  granules  of  calcite. 

In  the  upper  part  of  the  Lower  Division  and  occurring  upwards  in  increas- 
ing amount  are  irregular  layers  and  thin  zones  of  dense,  dark,  faintly  greenish, 
or  reddish,  or  reddish  mottled  green,  chert-like  looking  material  such  as  has 
been  described  as  occurring  at  wide  intervals  in  the  lower  beds.  In  the  upper- 
most horizons,  this  chert-like  material  is  very  abundant;  in  places  it  composes 
20  per  eent  of  the  section.  The  material  has  a  semi-vitreous  lustre,  a  semi- 
conchoidal  fracture,  and,  unless  it  is  very  closely  examined,  appears  dense  and 
structureless.  Examined  with  a  lens,  it  may  be  seen  to  be  composed  of  minute 
granules,  mainly  red  but  with  many  of  grey  and  black  shades.  In  some  instances 
the  individual  grains  are  close  set,  in  others  more  widely  dispersed  through  a 
dense  matrix.  A  thin  section  of'  a  purple  mottled  type,  under  the  microscope 
was  seen  to  be  composed  predominantly  of  very  fine-grained  silica.  The  silica 
varies  slightly  in  grain  from  one  small  area  to  another,  making  it  apparent  that 
the  rock  is  essentially  composed  of  close-set  granules  of  such  material.  Opaque, 
dust-like  material,  in  places  black,  in  others  red,  frequently  outlines  the  granules 
or  occurs  in  varying  amounts  within  the  granules.  In  some  instances  small 
granules  or  elongated  forms  were  seen  to  be  composed  solely  of  the  opaque 
matter  which  undoubtedly  is  both  magnetite  and  hematite.  A  small  amount  of 
the  usual  green  mineral  is  present  in  very  small  individuals  and  larger  shreds. 
Some  turbid  carbonate  also  occurs  in  aggregates  of  irregular  outlines. 
44592—4 
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In  the  zone  extending  downwards  for  eome  30  feet  from  the  top  of  the 
Lower  Horizon^  this  ^'cherty"  material,  though  always  conspicoous,  varies  in 
amount  from  section  to  section.  The  loca'lly  decreased  amounts  may  in  part 
be  compensated  by  an  increase  in  material  intermediate  in  character  between 
the  chert-like  matter  and  the  normal  ferruginous  strata,  but  this  point  was  not 
determined.  The  boundaries  of  the  "cherty"  layers  appear  sharp,  but  close 
inspection  showB  that  at  top  and  bottom  they  grade  into  the  adjacent  strata. 
Along  the  strike  a  layer  may  be  continuous  for  many  yards  or  only  for  a  few 
feet.  Frequently  the  layers  are  not  continuous,  but  consist  of  a  series  of 
elongated  lene-«haped  bodies  appearing  along  a  definite  horizon  or  within  a 
narrow  zone.  In  various  instances  a  relatively  thick  layer  may  be  seen  to  give 
way  to  a  number  of  separate  irregular  bodies  lying  in  material  like  the  normal 
strata,  but  so  disposed  as  to  appear  like  remnants  of  a  former  extension  of  the 
solid  layer.  The  boundaries  of  the  smaller  masses  of  chert-like  material  appear 
in  sections  as  smooth  curves,  but  the  masses  are  frequently  embayed  and  of 
fantastic  outlines.  In  some  instances  centrally  disposed  iK)rtions  of  the  masses 
are  of  the  same  composition  as  the  surroimding  strata.  It  is  noticeable 
where  this  chert-like  material  is  most  abundant  that  the  parting  marking  the 
bedding  in  the  enclosing  femiginous  strata  are  arched,  hummocked,  curved, 
and  otherwise  confusedly  irregular  in  their  mode  of  development. 

Upper  Division 

The  strata  of  the  Upper  Division  of  the  iron-formation  are  well  exposed  in 
many  places  along  Kipalu  inlet.  The  upper  portions  are  also  exposed  on  the 
sides  of  the  cross  valley  and  the  bay  on  Kasegalik  lake.  On  the  slopes  facing 
Kasegalik  lake  to  the  north  and  south  of  the  bay,  the  strata  are  not  so  well 
exposed,  but  outcrops  are  sufficiently  numerous  to  show  that  the  Upper  Division 
everywhere  possesses  ihe  same  general  characters  and  is  divisible  into  three 
members. 

The  lowest  member  abruptly  succeeds  the  ferru^rmous  strata  at  the  top  of 
the  Lower  Division,  and  has  a  thickness  of  60  feet.  At  the  base,  for  several  feet 
in  thickness,  the  beds  are  very  dark  green  and  dense  of  grain.  The  lowermost 
layers  have  closenBet^  slate-like  partings  whose  surfaces  have  a  faint  sheen  due 
to  a  multitude  of  minute,  shining  specks  which,  under  a  lens,  appear  tabular. 
These  beds  are  moderately  soft.  The  succeeding  layers  are  harder,  break  with 
an  irregular  fracture,  and  the  abundant,  glistening,  minute  scale-like  material 
is  no  longer  oriented  parallel  to  the  bedding  planes.  A  thin  section  of  the  lower, 
softer  strata  showed  a  bedded  rock  mainly  formed  of  a  veiy  fine-grained,  turbid, 
greenish  aggregate  carrying  innumerable  small  clastic  grains  of  quartz  and  feld- 
spar. Different  layers  vary  in  the  proportions  of  the  elastic  material,  and  some 
thin  layers  are  clear  green,  with  larger  clastic  grains  and  with  the  green  mineral 
in  distinct  grains  of  a  grass-green  colour.  But  by  far  the  greater  part  of  the 
section  appeared  as  a  fine-grained,  confused,  greenish  aggregate  with  many 
slender,  apparently  cleaved,  green,  pleochroio  individuals  resembling  the  ordinary 
green  mineral  and  so  arranged  as  to  give  a  distinctly  foliated  appearance.  Pos- 
sibly much  of  the  turbid  base  is  a  carbonate  and  many  minute  clastic  grains 
may  enter  into  its  composition.  No  iron  oxides  were  detected.  The  upper 
compact  beds,  in  thin  section,  resemble  the  above,  but  the  abundant  clastic 
grains  are  much  larger  and  are  distinctly  composed  of  quartz  and  orthoclase 
and  plagioclase  feldspar.  A  few  grains  of  magnetite  were  visible  and  it  is 
probable  that  much  of  the  dust-like  matter  causing  the  turbidity  of  the  green 
matrix  is  magnetite. 

Upwards  in  the  rock  section  the  massive  dark  strata  revert  to  the  more 
slaty  form  and  gradually  assume  a  dark  reddish  or  reddish-purple  colour.    The 
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minute^  shining,  scale-like  particles  are  always  abundant  and,  apparently, 
according  as  these  scales  are  or  are  not  oriented  parallel  to  one  another,  the 
rocks  have  or  have  not  a  slate-like  parting.  Still  higher  the  rocke  assume  a  pro- 
nounced reddish  colour  with  thin,  coloured  layers  marking  the  bedding.  Towards 
the  top,  the  beds  again  (become  a  dark,  faintly  greenish  grey;  they  vary  from 
shaly  to  slaty  to  compact,  are  mostly  quite  soft,  very  dense,  and  look  not  unlike 
true  argillaceous  strata. 

The  middle  member  of  the  Upper  Division  seems  to  have  a  thickness  of 
between  25  and  30  feet,  but  decreasing  rapidly  at  the  north  end  of  the  exposures 
on  Kipalu  inlet  and  perhaps  there  disappearing  altogether.  On  the  shore  of 
Easegalik  lake,  towards  the  south  end  of  the  outcrops,  the  strata  also  seemed 
to  become  thinner.  This  member  on  the  whole  weathers  greyish  with  yellowish 
and  brownish  tinges  and  the  strata  lack  regular  bedding  and  are  blocky  in 
character. 

The  lowest  part  of  the  member  is  a  compact,  dark  grey  nearly  black  rock,, 
very  fine  grained  to  chert-like  in  texture.  The  coarser  part«  have  a  granular 
look,  are  rough  to  the  touch,  and  with  the  aid  of  a  lens  may  be  s^n  to  be  com- 
posed of  rounded  forms,  mostly  dark  grey  but  in  some  cases  red.  In  thin  sec- 
tion, the  rock  appeared  as  a  mosaic  of  minute  quartz  grains  of  faiiiy  uniform 
size  with  close-set,  rounded,  elliptical  and  irregularly  shaped  bodies  i>erh*aps 
averaging  6  mm.  in  diameter.  These  bodies  are  composed  in  varying  propor- 
tions of  quartz  grains  like  those  of  the  general  base,  magnetite  and  the  usual 
green  mineral  with  a  small  amount  of  carbonate.  In  some  instances  these 
bodies  or  granules  are  distinguishable  onily  through  the  presence  of  a  narrow 
rim  of  the  green  mineral,  with  or  without  magnetite.  In  other  cases  these  two 
minerals  in  varying  proportions  lie  between  some  or  most  of  the  grains  of  quartz 
within  the  granule,  and  examples  show  gradations  from  granules  such  as  these 
to  others  composed  almost  solely  of  magnetite  or,  more  commonly,  of  the  green 
mineral  with  varying  amounts  of  magnetite.  On  the  other  hand,  there  are 
areas  in  which  the  outline  of  the  granule  is  only  partly  indicated.  The  general 
appearance  is  that  of  a  rock  once  formed  of  close-set  granules,  of  whose  original 
characters  i>erhaps  only  their  shapes  are  preserved  and  even  these  in  many  cases 
only  partly.  A  thin  section  of  the  lower  beds  from  another  locality  resembles 
the  above  in  various  ways,  but  the  amount  of  the  green  mineral  and  magnetite 
is  considerably  less,  and  the  quartz  grains  of  the  granules  are  much  larger  than 
those  of  the  base. 

The  strata  of  the  middle  member  above  its  lowermost  layers  are  finely 
granular  and  blackish  grey  or,  in  some  places,  pinkish.  Some  portions  carry 
much  p'nkish  carbonate  in  minute  grains  and  granular  aggn^egates.  The  rock 
frequently  holds  much  magnetite  in  minute  grains  and  narrow  streaks ;  lenticular- 
like  layers  are  dark  greyish  black  due  to  the  local  abimdance  of  finely  dissemi- 
nated magnetite.  On  close  inspection,  the  rock  is  seen  to  be  composed  of  close- 
set  pale  and  dark  greenish,  black  and  red  grains.  The  rocks  weather  a  dirty 
brown,  are  rough  to  the  touch,  and  vary  considerably  in  grain  in  apparently  an 
irregular  fashion.  Such  rocks  compose  the  bulk  of  this  member.  In  thin  sec- 
tions these  are  on  the  whole  similar  to  the  rocks  just  described,  but  in  one 
instance  the  abundant  magnetite  occurs  wholly  in  smaH  polygonal  crystal  forms, 
disseminated  and  grouped  in  large  and  email  aggregates.  In  another  instance, 
the  green  mineral  is  frequently  bounded  by  hematite,  or  stained  reddish,  and  the 
relations  so  expressed  appear  to  indicate  that  the  hematite  was  derived  from  the 
green  mineral.  This  conception,  seemingly,  is  substantiated  in  the  case  of 
another  thin  section  in  which'  the  granules  are  clearly  indicated  by  the  difference 
in  grain  of  the  quartz  mosaic  composing  respectively  the  granules  and  the  base 
and  are  further  differentiated  by  the  presence  of  abundant  magnetite  and  hema- 
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tite,  in  some  insiances  the  whole  granule  being  iron  oxide.  No  green  mineral  i* 
present,  but  the  magnetite  and  hematite  are  arranged  with  resipect  to  one  another 
as  the  magnetite  and  green  mineral  are  in  other  sections. 

Towards  the  top  of  the  middle  member,  the  grain  of  the  rocks  becomes  more 
yariable.  Fine-grained,  irregular  bands  or  layers  occur  with  others  that  are 
much  coarser  and  that  in  one  instance  proved  to  be  composed  of  large  granules 
averaging  8  mm.  in  diameter.  The  granules  are  stained  yellowish,  composed  of 
coarsely  granular  quartz,  and  lie  in  a  relatively  fine-grained  quartz  mosaic. 

In  the  strata  of  the  middle  member  are  occasional  layers  from  a  mere  film 
to  several  inches  thick,  most  of  which  weather  a  deep  ochreous  yellow  or  brown 
to  depths  ae  great  as  half  an  inch,  where  the  weathering  abruptly  ceases.  Such 
layers  are  dark  greenish  grey  on  fresh  surfaces.  In  general  appearance  they 
resemble  the  main  rock  body,  but  in  thin  section  they  appear  as  a  structureless, 
even-grained,  granular  mass  of  carbonate,  green  mineral,  and  quartz  perhaps  of 
clastic  origin.  Some  of  these  thin  layers  are  dark  green  and  appear  dense; 
when  closely  examined,  however,  the  material  may  be  seen  to  be  composed  of 
dose-set,  pale  greenish  granules  separated  from  one  another  by  very  thin,  imper- 
fect black  rims.  In  thin  section,  the  rock  seemed  composed  of  close-set,  uni- 
formly large  granules  of  exceedingly  fine-grained  silica  with  varying  amounts 
of  a  green  mineral  in  minute  specks  so  small  as  to  be  almost  dust-like.  Some  of 
the  granules  contain  scarcely  any  of  the  green  substance,  some  are  largely  com- 
posed of  it,  and  others  are  intermediate  in  this  respect.  There  are  also  a  few 
rhombs,  some  large,  of  calcite  that  appear  to  have  developed  without  regard  to 
the  structure  of  the  rock.  The  matrix  in  which  the  granules  lie  is  a  quartz 
mosaic  slightly  coarser  than  that  of  the  granules  and  present  in  only  small 
amounts,  many  of  the  granules  touching  one  another.  Other  thin  layers  are 
compact,  dark  grey,  faintly  purplish,  siliceous  looking,  and  dense.  In  thin 
section  one  of  these  proved  to  be  an  exceedingly  fine-grained  aggregate  of  turbid 
carbonate  and  green  mineral. 

In  the  upper  3  feet  of  the  middle  member  occur  dark,  faintly  greenish 
interbede  which  are  in  part  thinly  shaly,  in  part  slaty,  in  part  hard  massive  but 
argillaceou»-like  strata.  These  interbeds  are  1  to  3  inches  thick.  The  interven- 
ing beds  expand  and  contract  in  thickness  along  the  strike. 

The  highest  member  of  the  Upper  Division  appears  to  vary  in  thickness 
between  30  and  60  feet,  but  for  the  most  part  is  about  40  feet  thick  and  it  may 
be  that  everywhere  this  is  approximately  the  true  thickness.  It  is  formed  mainly 
of  dark,  slaty  strata,  either  faintly  green  or  very  dark  grey,  and  for  the  most 
part  weathers  reddish  or  brownish.  The  measures  are  in  part  thinly  bedded, 
rather  soft,  in  part  more  compact,  and  in  part,  hard,  brittle,  inclining  to  be 
massive.  The  higher  beds  show  a  marked  narrow  banding  in  varying  shades  of 
dark  grey.  They  are  fairly  hard  and  dense,  but  with  indications  of  a  granular 
texture.  Characteristically  the  brownish  or  red  weathering  extends  inwards  for 
one-eighth  to  one-quarter  of  an  inch,  ending  abruptly  along  even  planes.  In 
thin  section  one  such  variety  appeared  as  a  dense  turbid  mass  with  narrow, 
opaque,  black  zones  and  streaks.  Much  of  the  matter  is  exceedingly  fine- 
grained carbonate  but  the  remainder  is  too  fine  grained-  for  closer  identification. 

In  this  upper  dark  member  there  is  usually  present  one— perhaps  in  sonjo 
places  several — layers  of  structureless  material  such  as  composes  the  middle 
member.  A  layer  from  3  feet  to  7  feet  in  thickness  is  continuous  in  the  area 
fronting  on  the  shore  of  Kipahi  inlet  and  may  be  the  equivalent  of  layers  of 
the  same  character  seen  on  the  Kasegalik  Lake  side. 

At  one  place,  on  the  south  side  of  the  bay  in  Kasegalik  lake,  a  6-inch  bed 
of  dense,  grey  limestone  occurs  high  up  on  the  uppermost  member  and  may  be 
seen  to  persist  along  the  strike  for  100  yards. 
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On  the  east  side  of  Kipalu  inlet,  the  iron-formation  forms  a  narrow 
band  that  extends  nearly  due  south  from  the  north  end  of  the  tidal  basin 
at  the  head  of  the  inlet,  to  where  the  formation  sinks  below  sea-level.  Over 
the  whole  dietance  the  band  maintains  a  nearly  uniform  width  of  about  350 
feet  and  lies  on  the  weet  slope  of  the  diabase-capped  ridge  beneath  which  the 
iron-formation  dips.  The  boundaries  of  the  kind  for  the  greater  part  of  the 
distance  are  closely  defined  by  outcrops  of  the  overlying  dark  diabase  and  of  the 
underlying  pale  quartzite,  but,  on  the  whole,  the  iron-formation  itself  is  poorly 
exposed.  The  total  thickness  of  the  formation  appears  to  vary  from  320  feet  to 
360  feet  or  perhaps  even  a  greater  amount. 

Southern  Section 

Towards  the  south  of  the  10-mile  stretch,  the  general  section  seems  to  be 
somewhat  as  follows,  though  as  it  is  based  on  correlations  of  partial  sections  and 
isolated  outcrops  distributed  over  a  length  of  several  miles,  the  results  are  sub- 
ject to  revision. 

The  lowest  outcropping  strata  occur  about  40  feet  above  the  base  of  the 
formation.  They  consist  of  thinly-bedded,  red,  slaty,  dense  rocks  with  dark 
greyish  layers,  and  closely  resemble  the  already  described,  lowest  exposed  rocks 
on  the  west  side  of  the  inlet.  Such  beds  extend  upwards  for  26  feet  to  an  horizon 
66  feet  above  the  base  of  the  formation.  The  next  26  feet  is  composed  of  a 
bank  of  granular  rock  such  as  forms  the  middle  member  of  the  Upper  Division 
in  the  Kasegalik  Lake  area.  In  this  26-foot  bank,  seams  and  lenses  of  red, 
dense,  cherty-like  material  are  largely  developed.  The  material  is  not  true 
chert,  but  is  composed  of  minute  granules  set  in  a  dense  base  and  in  major 
characters  corresponds  with  the  chert-like  matter  so  largely  developed  in  the 
upper  part  of  the  Lower  Division  to  the  west. 

From  the  top  of  this  bank  for  160  feet,  up  to  an  horizon  252  feet  above  the 
base,  the  strata  so  far  as  they  are  exposed  are  mainly  red  but  are  accompanied 
by  thin,  dark  grey  beds  mostly  confined  to  zones  of  varying  thicknesses.  All 
the  strata  possess  slate-like  partings.  Th^  are  very  largely  dense  rocks,  banded 
in  different  tints,  and  with  layers  of  different  degrees  of  fineness.  The  coarser 
layers  have  a  granular  aspect,  but  the  individual  grains  cannot  be  detected  even 
with  the'  aid  of  a  lens.  A  thin  se^3tion  of  one  of  the  coarser  varieties  consists 
of  a  base  of  opaque,  dense,  red,  hematitic  material  minutely  fiecked  and  streaked 
black.  Small  ovaF  areas  of  what  appear  to  be  turbid  carbonate  occur  through 
this  base,  lying  with  their  longer  axes  parallel  and  more  numerous  in  certain 
minute  bands  than  elsewhere.  The  arrangement  of  the  granules  gives  a  banded 
structure  which  is  further  emphasized  by  minute  bands  holding  abundant 
minute  clastic  grains  of  quartz,  orthoclase,  microcline,  and  plagioclase  feldspar. 
An  occasional  oval  area  of  carbonate  occurs  in  these  narrow  bands  rich  in  clastic 
material  and  the  clastic  grains  occur  throughout  the  section.  A  thin  section  of 
a  second  example  of  these  rocks  when  examined  microscopically  showed  the 
same  dense,  opaque,  red  base,  but  the  clastic  grains  are  only  sparingly  present 
and  the  carbonate  is  more  abundant. 

In  these  predominantly  red  beds,  in  some  places  if  not  everywhere,  are  two 
horizons,  one  185  feet  and  the  other  205  feet  above  the  base  of  the  formation,  at 
which  for  thicknesses  of  10  feet  to  20  feet,  the  strata  are  highly  ferruginous 
and  in  general  appearance  are  quite  similar  to,  and  apparently  almost  identical 
with,  the  ferruginous  strata  at  the  summit  of  the  Lower  Division  in  the  Kase- 
galik Lake  area.  As  in  that  area  the  ferruginous  beds  are  interleaved  with 
many  thin,  irrecrular  layers  analogous  to  the  chert-like  layers  of  the  western 


Digitized  by 


Google 


28  E 

area.  Some  of  the  ferruginous  beds,  for  a  thickness  of  several  feet,  are  moro 
purely  hematite  than  is  usual  and  are  soft,  and  friable  enough'  to  soil  the  hands. 

The  abundant,  irregular  layers  referred  to  in  the  aboye  are  bright  red  and 
in  part  are  comparatively  coarse,  being  comi)osed  of  rounded  and  shapelese 
forms  which  are  red,  grey,  and  black  and  in  some  instances  an  eighth 
of  an  inch  in  lengthi  A  thin  section  of  this  type  showed  variously  shaped 
granules  of  widely  varying  sizes  crowded  together,  the  interspaces  being  occu- 
pied by  a  finely  granular  quart?  mosaic.  Some  of  the  granules  are  wholly  of 
very  finely  granular  silica,  others  are  similar  but  have  a  partial  or  complete  rim 
of  red  or  black,  and  frequent  examples  show  all  gradations  between  forms  such 
as  these  and  others  wholly  stained  red,  or  composed  almost  entirely  of  mag- 
netite with  a  thin  border  and  small,  irregular,  internal  areas  of  hematite. 

The  predominantly  reddish,  fine-grained  strata  with  the  several  ferruginous 
zones  and,  low  down,  the  bank  of  grey,  granular  rock,  extend  upwards  from  the 
base  of  the  formation  for  a  thickness  of  262  feet.  Except  that  they  lack  a 
ferruginous  member  at  the  top,  these  strata  correspond  in  position  and  charac- 
ters to  the  Lower  Division  of  the  formation  in  the  KasQgalik  area,  whose  nearest 
outcrops  are  4  miles  to  the  west.  They  are  succeeded  upwards  by  a  group  of 
strata  corresponding  to  the  Upper  Division  of  the  Kasegalik  Lake  area  and,  like 
it,  composed  of  three  members.  These  three  members,  however,  seem  to  be 
variable  in  thi^okness  and  in  places  have  a  combined  thickness  of  not  more  than 
70  feet. 

.The  lowest  of  the  three  is  about  25  feet  thick  in  most  localities,  but  in 
places  is,  perhaps,  much  thinner.  It  is  oomx>osed  of  dark,  shaly  and  slaty  beds, 
dark  greenish  on  fresh,  unweathered  surfaces. 

The  middle  member  at  one  place  is  21  feet  thick  and  presumably  is  every- 
where of  about  this  thickness.  It  is  of  poorly  bedded,  irregularly  banded, 
"  blocky  "  strata  such  as  compose  the  equivalent  horizon  in  the  Kasegalik  Lake 
area.  The  rocks  weather  yellowish,  brownish,  and  reddish,  and  are  granular  and 
rough  to  the  touch.  Fresh  surfaces  vary  from  light  to  dark  grey  to  almost 
black.  Some  irregular  layers  are  very  largely  composed  of  magnetite,  others 
are  red  and  ihematitic.  One  specimen,  in  thin  section,  was  found  to  consist  of 
a  mosaic  of  granular  quartz  varying  in  grain  irregularly  from  spot  to  spot  and 
holding  areas  of  magnetite,  irregular  in  outline,  in  part  frayed  or  wisp-like.  A 
red  staining  was  slightly  developed.  No  features  were  noticed  indicative  of  the 
former  presence  of  the  usual  granules.  A  second  specimen  showed  a  rock  com- 
posed of  large  granules  crowded  together  in  a  quartz  mosaic.  The  granules  were 
of  finer  grained  silica  with  varying  proportions  of  magnetite,  which  in  many 
instances  merely  outlined  the  individual  granules. 

The  uppemlost  member  in  some  places  at  least  is  24  feet  thick  and  is  com- 
posed of  dark,  greyish  and  black,  slate-like  strata  with,  in  the  lower  part,  some 
red-weathering  layers.  The  beds  for  a  few  feet  at  the  top  are  very  dark,  in  part 
thinly  banded  in  different  shades  of  grey,  and  are  hard,  splintery,  dense,  almost 
«hert-like.  Other  beds  are  softer,  unhanded,  and  nearly  black;  they  effervesce 
freely  with  acid  and  weather  brownish  in  a  sharply  defined  shallow  outer  zone. 
Some  of  these  softer  rocks  carry  small  ellipsoidal  bodies  up  to  one-half  inch  in 
length  of  dark,  dense,  chert-like  material.  In  thin  section  an  example  of  the 
harder,  banded  type  appeared  as  an  exceedingly  fine-grained  rock  composed 
mainly  of  silica  but  with  much  carbonate  for  the  most  part  assembled  in  small 
irregular  areas.  The  amount  of  carbonate  varies  in  such  a  manner  as  to  cause 
a  marked  banding.  Occasional  small  vague  areas  of  the  silica  seem  distinguished 
by  texture  from  the  neighbouring  matter,  but  there  was  no  certain  indication 
of  the  former  presence  of  granules. 
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The  softer,  unhanded  rocks  as  represented  hy  one  thin  section  appeared  as 
a  fine-grained,  almost  dense,  turhid  mass  with  tiny  frayed  and  wisp-like  areas 
of  hlack.  Both  in  ordinary  light  and  with  crossed  nicols,  the  section  seemed  to 
be  largely  formed  of  very  small,  oval  aggr^ates  presumably  of  finely  divided 
silica  and  carbonate. 

Northern  Sectiort 

Towards  the  north  end  of  the  10-mile  Kipalu  Inlet  band  of  iron-formation 
after  a  long,  for  the  most  part,  very  imperfectly  exposed  interval,  outcrops 
become  more  numerous,  but  only  a  partial,  imperfect  section  can  be  recon- 
structed. The  total  thickness  of  the  strata  is  about  320  feet  The  greater  part 
is  of  red,  banded,  slaty  strata  with,  as  in  the  south,  a  band  of  the  grey,  com- 
pact, blocky  rocks  in  the  lower  part,  but  perhaps  not  everywhere  at  the  same 
horizon.  The  upper  part,  as  before,  ie  composed  of  dark  grey  and  black  beds  with, 
in  places  at  least,  a  layer  of  the  grey,  granular  rock,  thus  repeating  the  three- 
fold division  of  the  Upper  Division. 

The  outcrops  of  the  lower  part  of  the  formation  consist  of  relatively  soft, 
almost  dense,  reddish,  in  part  argillaceous-looking  banded  strata  with  some  layers 
less  dense  almost  granular  in  appearance.  In  one  locality,  at  horizons  between 
40  and  85  feet  above  the  base  of  the  formation,  are  exposures  of  such  beds  thai 
weather  dark  purplie-h.  They  are  accompanied  by  thin,  nearly  black  interbeds 
very  dense  on  fresh  surfaces  but  weathering  yellowish  and  reddish.  In  these 
strata  are  irregular  layers  1  to  2  inches  thick  and  still  more  irregular  layers 
that  swell  in  places  to  a  thickness  of  1  foot,  of  bright  red  colour  and  possessing 
a  splintery  or  semi-conchoidal  fracture.  The  rock  in  these  layers  consists  of  a 
bright  red,  dense  matrix  crowded  with  elongated,  irregular,  darker  coloured 
forms  varying  from  minute  specks  up  to  others  0-03  inches  in  length.  These 
forms  have  mostly  minutely  wavy  irregular  outlines  and  lie  with  their  longer 
axes  parallel  with  one  another.  In  thin  section  this  rock  appeared  to  be  mainly 
of  matter,  bright  red  in  reflected  light,  containing  small  irregular  areas  of  mag- 
netite and  innumerable,  elongated,  mostly  wisp-like  areas  of  colourless,  very 
^e-grained  silica.  Most  of  the  red  material  is  opaque,  but  in  part  was  seen 
to  be  a  red  staining  on  silica. 

The  thicker  layers  of  the  above-described  material  in  many  places  have  a 
<»ntral  part  that  includes  irregular  bodies  of  a  darker,  duller  red  oolour  formed 
chiefly  of  clcse-6et,  grey  and  black  granules  of  uniform  size.  In  thin  section 
«uch  a  rock  was  seen  to  be  composed  of  vaguely  indicated,  comparatively  large 
granules  of  very  fine  silica"  stained  reddish  and  closely  packed  together  in  a 
-coarser  quartz  matrix.  A  few  of  the  forms  are  outlined  with  magnetite.  This 
more  definitely  granular  material  also  forms  homogeneous  layers  and  layers 
which  along  the  strike  grade  into  the  more  brilliantly  red  rock.  The  relations  are 
such  as  to  suggest  that  the  brighter  red  variety  has  ibeen  derived  from  the  more 
normal  granule-bearing  type. 

The  banded  red  strata  with  the  niimerous  irregular  red  layers,  are  succeeded 
at  85  feet  above  the  base  of  the  formation  by  a  16-foot  bank  of  the  blocky, 
irregularly  banded,  granular  rock  type.  It  is  grey  and  greenish  in  colour, 
weathers  reddish  and  yellowish,  and  varies  irregularly  in  grain  and  composition. 
Many  thin,  irregular  layers  of  the  red  "  cherty-looking "  material  are  also 
present  A  relatively  coarse  rock  crowded  with  magnetite  octahedra  occurs  in 
irregular  streaks  and  bands  up  to  1  foot  in  breadth;  it  has  irregular  curvincr 
boundaries  and  in  many  parts  holds  irreg^ular  fragment-like  masses  of  the  more 
normal  strata,  as  if  the  coarser  phases  were  in  some  way  replacing  the  finer.  In 
thin  sections  the  coarser  type  appears  as  composed  of  large  granules,  stained 
reddish  and  formed  of  very  fine  silica  with  varying  amounts  of  dust-like  or  more 
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definitely  granular  magnetite.  The  magnetite  in  some  cases  is  uniformly  distri- 
buted through  the  granules  or  is  aggregated  towards  the  centres  or  about  the 
borders ;  and  there  are  all  gradations  to  granules  of  solid  magnetite.  The  matrix 
is  a  comparatively  coarse  mosaic  of  qfuartz.  Much  calcite  is  present,  partly  in 
sharp  rhombs,  partly  in  large  irregular  areas,  in  both  cases  appearing  to  have 
replaced  the  other  rock  constituents. 

Upwards  in  the  formation,  red  strata  predominate  for  over  100  feet.  At 
one  or  more  horizons  in  this  interval  the  beds  are  highly  ferruginoufi  and 
resemble  those  occurring  at  the  summit  of  the  Lower  Division  in  the  Kasegalik 
Lake  area.  At  some  horizons  in  these  red  strata  occur  zones  of  very  dark,  nearly 
black  rocks  in  part  thinly  banded  and  interleaved  with  pale  films  and  thin 
layers  of  pale  grey,  fine-grained  carbonate.  The  dark  beds  have  an  outer 
ochreous  brown  or  yellow  weathered  zone.  An  example  of  one  of  these  rocks  in 
thin  section  was  found  to  be  composed  of  innumerable  small,  elastic  grains  of 
quartz,  orthoclase,  microcline,  and  plagioclaee  lying  in  a  very  finely  granular 
base  of  turbid  carbonate  and  still  finer  particles  of  the  quartz  and  feldspars. 
Large,  formless  areas  of  carbonate  that  appear  to  be  secondary  were  present  A 
few  small  grains  and  shreds  of  a  pleochroic  green  mineral  were  noted.  The 
total  thickness  of  the  Lower  Division  is  estimated  to  be  260  feet,  much  of  which 
is  only  poorly  exposed  or  not  at  all  as  in  the  case  of  the  uppermost  part. 

The  Upper  Division  perhaps  not  over  60  feet  thick  is  as  usual  composed 
chiefly  of  dark  strata,  and  there  is  evidence  of  the  existence  of  a  band  of  the 
grey,  granular,  blocky  rocks. 

INNETALLING  ISLAND   AREA 

At  the  north  end  of  Innetalling  island,  20  miles  south  of  the  south  end  of 
Kipalu  Inlet  area,  there  is  a  narrow  valley  which  extends  southward  through 
the  middle  of  the  island.  This  valley  broadens  out  at  its  north  end  and  is  in  part 
occupied  by  a  bay  of  the  sea  at  whose  head  is  a  tidal  lake.  The  iron-formation 
outcrops  on  either  side  of  the  valley  in  two  narrow  bands,  2  miles  apart  in  the 
north  but  converging  southward  as  the  valley  narrows,  so  that  3J  miles  to  the 
south  they  are  only  a  quarter  of  a  mile  apart.  These  two  bands,  representing 
the  opposing  limbs  of  an  anticline,  outcrop  at  the  foot  of,  and  for  varying  heights 
on,  the  slopes  of  diabase-capped  ridges.  Only  the  upper  parts  of  the  iron-forma- 
tion are  exposed  in  the  western  band,  the  lower  parts  being  drift  covered  or 
beneath  water-level.  Even  the  upper  parts  are  much  concealed  by  drift.  In  the 
eastern  band,  owing  to  minor  folds,  the  formation  rises  and  falls,  so  that  in 
places  the  base  lies  above  sea-level,  in  other  places  the  top  descends  beneath 
the  water.  Considerable  sections  are  drift  covered,  but  in  general  the  upper 
parts  are  well  exposed.  The  total  thickness  of  the  formation  apparently  is  at 
least  450  feet  and  may  be  slightly  greater.  As  in  the  Kasegalik  Lake  area,  the 
strata  are  divisible  into  two  groups  the  lower  of  which  is  terminated  by  a 
ferruginous  horizon,  and  these  groups  respectively  correspond  in  general  char- 
acters to  the  Lower  Division  and  Upper  Division  of  the  before-mentioned  western 
area. 

Lower  Division 

The  lowermost  beds  of  the  iron-formation  are  exx)osed  only  along  the  eastern 
band  and  at  only  two  localities.  They  abruptly  succeed  the  underlying  pale- 
coloured  quartzites.  The  quartzite  and  iron-formation  are  not  interbedded,  nor 
are  th^re  any  signs  of  gradation  of  one  type  into  the  other.  The  lower  beds  for 
a  thickness  of  25  feet  are  mainly  dark  purplish  red,  hard,  and  fine  grained.  They 
vary  fiom  dense  to  finely  granular  in  general  appearance,  but  the  individual 
grains  are  not    distinguishable.     The    rocks    are    banded,  the    banding  being- 
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ezpre35ed  by  variations  in  colour  and  in  grain  and  by  the  presence  of  dark 
greenish-grey  layers.  The  bands  in  part  are  thin,  varying  from  the  thickness 
of  a  film  only  up  to  one-half  inch;  in  part  they  are  broad,  and  include  zones 
several  feet  in  thickness  largely  of  dark  grey  to  black  strata.  Adjoining  layers 
grade  into  one  another.  In  thin  sections,  one  example  banded  red  and  purple 
was  seen  to  consist  of  minute  bands  all  very  fine  grained,  some  nearly  colourless, 
oUiers  largely  opaque  and  red  by  reflected  light  as  though  largely  of  hematite. 
Magnetite  in  detached  minute  grains  and  dust-like  forms  is  about  equally 
abundant  throughout.  Very  small,  angular  clastic  grains  of  quartz  and  feld- 
spar (orthoclaee,  microcline,  and  plagioclase)  occur  in  all  layers  but  are  most 
abundant  in  the  clear  portions,  and  in  the  case  of  some  minute  layers  largely 
constitute  them.  The  base  of  the  clearer  layers  is  cryptocrystalline.  It  possibly 
is  silica  and  apparently  the  same  material  occurs  throughout.  Some  layers  con- 
tain 50  per  cent  of  very  finely  granular  carbonate ;  other  layers  are  characterized 
by  very  small  formless  grains  of  a  pleochroic  green  mineral ;  and  some  layers,  as 
already  stated,  are  largely  opaque  red  by  reflected  light.  Possibly  this  opaque 
mineral  is  not  pure  'hematite  but  a  duet-like  aggregation  in  the  dense  base.  Cal- 
cite  in  small  rhombs  occurs  in  all  the  layers. 

In  some  localities  at  least,  at  an  horizon  about  30  feet  above  the  base  of  the 
iron-formation,  there  is  a  4-foot  bed  of  the  granular,  unhanded,  blocky  rock 
type,  of  a  dark  red  colour  and  comparatively  coarsely  grained.  Examined  with 
a  lene  the  rock  may  be  seen  to  oonsist  of  irregular  red  bodies  apparently  set  in 
a  grey  matrix.  In  a  thin  section,  a  part  was  found  to  be  composed  of  large 
granules  most  of  which  are  partly  or  wholly  turhid  and,  where  turbid,  red 
stained.  These  are  closely  set  in  a  fine-grained  quartz  mosaic  and  are  composed 
of  granular  silica,  largely  very  fine  grained  but  in  many  instances  with  a  coarser- 
grained  central  part.  Large  rhombs  of  carbonate  lie  indifferently  in  both  the 
granules  and  the  matrix,  and  there  are  small  patches  of  a  strongly  pleochroic 
mineral  arranged  in  radial  and  sheaf-like  aggregates. 

A  part  of  the  section  contains  only  angular  remnants  of  the  granules  and 
of  such  portions  of  carbonate  rhombs  as  lie  within  or  project  into  the  granules. 
The  rest  of  this  imrt  of  the  section  is  a  granular  aggregate  or  mosaic  of  quartz 
varying  irregularly  in  grain  but  always  relatively  coarse.  This  part  of  the  sec- 
tion 6<^ems  undoubtedly  to  have  once  possessed  the  gpranules  of  the  normal  rock 
and  represents  vaguely  outlined  areas  that  are  macroscopically  visible  in  hand 
specimens.  These  areas  have  a  cherty  appearance,  their  borders  are  frayed,  and 
they  appear  to  merge  into  the  normal  rock. 

In  this  zone  and  in  the  adjoining  strata,  are  thin  layers  and  detached 
lenses  of  bright  red  material,  cherty-looking  but  in  reality  composed  of  minute 
granules  in  a  dense  siliceous  matrix  such  as  has  already  been  described  in  other 
areas.  Above  -this  zone,  the  strata  for  several  feet  are  dark  purple.  They  have 
a  splintery  fracture  and  are  almost  dense  in  grain,  but  give  indications  of  a 
granular  texture  and  exhibit  many  minute  grains  with  a  metallic  lustre.  In 
thin  section  the  rock  appears  as  a  fine-grained  aggregate  of  colourless  and  opaque 
grains.  The  opaque  ones  are  mainly  red  by  reflected  light,  but  many  are  of 
magnetite.  Occasional  larger  grains  are  distinctly  oval  in  outline  and  the 
whole  ax>pears  as  a  close-set  aggregate  of  granules  barely  averaging  0-5  mm. 
in  diameter.  The  colourless  granules  are  largely  exceedingly  dense  and,  pre- 
sumably, composed  of  silica.  In  many  instances  minute  green  shreds  and 
scales,  and  dust-like  and  larger  grains  of  red  or  black  iron  oxide  are  also  present. 
The  green  mineral  also  forms  elongated  individuals.  The  bulk  of  the  iron 
oxides  gives  indications  of  occurring  in  rounded  areas  corresponding  in  size  and 
outline  to  the  colourless  granules,  but  possibly  the  iron  oxides  in  part  represent 
what  may  have  been  the  matrix  in  which  the  granules  lay. 
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Upwards  the  strata  become  more  thinly  bedded  and  in  the  horizons  between 
50  feet  and  60  feet  above  the  base  they  are  banded  in  different  shades  of  dark 
purple  and  brighter  red.  The  red  layers  are  relatively  soft  and  fine  grained  and 
are  themselves  banded.  In  thin  section,  this  type  was  found  to  be  prominency 
banded,  opaque  layers  alternating  with  others  that  appear  on  the  whole  to  be 
transparent  but  are  actually  heavily  charged  with  dust-like  opaque  material 
that  gives  a  dark  purplish  cast  to  the  whole  in  reflected  light.  The  relatively 
transparent  bands  seemed  to  be  formed  of  minute,  irregular,  elongated  bodies 
lying  with  their  longer  axes  parallel.  These  bodies  or  aggregates  are  possibly 
exceedingly  fine-grained  silica.  They  carry  countless  minute  forms  possibly  of 
the  green  mineral.  Occasional  larger,  clear,  oval  bodies  of  the  same  material 
characterize  some  layers.  The  opaque  layers  by  reflected  light  seem  composed 
largely  of  hematite,  but  with  abundant  magnetite,  the  two  minerals  being  in 
minute,  irregular,  frayed  aggregates  with  their  longer  axes  parallel  to  one  another 
and  to  the  banding,  thus  producing  a  pattern  like  that  exhibited  by  the  rela- 
tively clear  bands. 

In  this  zone  are  thin,  bright  red,  irregular  layers  of  the  so-called  cherty 
rock  composed  of  minute  ellipsoidal  and  sharply-rectangular  bodies,  some  0*08 
inches  in  length*  set  in  a  dark,  dense  base.  In  thin  section,  the  rock  was  seen 
to  be  composed  of  rounded,  ovoid,  and  irregular  forms  of  widely  varying  sizes 
set  in  a  clear  colourless  matrix  of  silica,  the  silica  being  both  granular  and  in 
radiating  and  sheaf-like  aggregates.  Most  of  the  granules  are  opaque  or  nearly 
80  and  in  reflected  light  appear  wholly  red  or  red  with  a  partial  or  complete 
rim  of  magnetite  and  small,  irregular  spots  of  magnetite.  A  few  smaller  granules 
are  wholly  of  magnetite.  Other  examples  show  all  gradations  from  wholly 
opaque  granules  to  nearly  wholly  colourless  transparent  granules  composed  of 
fine-grained  silica  stained  red.  Carbonate  is  present  in  a  few  small  grains  in 
the  matrix  and,  also,  in  several  areas,  ae  assemblages  of  larger,  plate-like  forms 
that  lie  indifferently  in  the  matrix  and  in  the  granules.  In  some  instances,  the 
carbonate  is  charged  with  slender,  green  rods. 

In  the  red  cherty-looking  rock  are  occasional  streaks,  small  lenticular 
patches,  and  as  noted  in  one  instance,  thin  layers,  of  very  dense,  hard,  dark 
reddish,  banded  material  This  in  thin  section  closely  resembles  the  banded, 
dense,  red  types  forming  the  main  rock  mass.  The  two  rock  types,  that  is,  the 
bright  red,  somewhat  cherty-looking  material  which  occurs  in  thin  discontinuooB 
layers  and  the  ordinary  banded  measures,  apparently  grade  into  one  another 
along  their  mutual  boundaries.  In  detail  these  boundaries  are  minutely  irregular 
with  individual  granules  projecting  from  one  type  of  rock  into  the  other,  and 
the  whole  boundary  is  a  series  of  embayments  and  finger-like  projections  of  one 
rock  in  the  other.  The  individual  brightly  coloured,  relatively  coarse  layers  may 
extend  for  yards  but  always  end.  The  number  of  such  layers,  in  the  general 
zone,  varies  from  place  to  place,  and  individually  they  range  in  thickness  from 
i  to  6  inches. 

Still  higher  in  the  section,  in  the  zone  between  60  and  70  feet  above  the 
base,  the  strata  are  banded.  They  are  chiefly  purple  and  red,  but  with  some 
zones  of  black  and  with  layers  of  the  bright  red,  granular  material  with  the 
semi-conchoidal  fracture  and  slightly  vitreous  aspect.  The  black  layers  are  very 
dense;  in  part  they  have  a  shale-like  parting,  in  part  they  are  more  massive, 
very  dark  grey  and  dense,  though  a  lens  reveals  minute,  red  bodies.  The  rock 
has  a  banded  appearance  due  to  the  arrangement  along  parallel  planes  of  lenticu- 
lar black  bodies  0-05  to  0»03  inches  long.  These  show  shining  faces,  and  effer- 
vesce in  acid.  This  dark  rock  in  thin  section  was  found  to  be  composed  of 
a  matrix  of  magnetite  holding  dose-set,  colourless  grains  often  ovoid  in  outline, 
mainly  of  carbonate,  but  which  in  one  band-like  area  were  of  microcrystalllne 
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silica.  In  another  band-like  area,  the  magnetite  was  in  great  excess.  The 
rounded  grains  of  carbonate  in  part  extinguish  simultaneously  over  large  areas 
as  though  each  grain  were  part  of  a  larger  body. 

The  associated  red  strata  are  banded  in  shades  of  dark  purple.  The  alter- 
nating bands  vary  in  width  from  a  mere  film  up  to  one-quarter  of  an  inch  and 
in  part  have  a  striped  appearance  due  to  the  presence  of  dark  streaks  rich  in 
iron  oxide.  The  alternate  bands  vary  in  t^ture  from  dense  to  minutely 
granular  and  are  comi>osed  of  red  granules  for  the  most  part  just  distinguish- 
able with  a  lens,  set  in  a  darker  matrix.  The  rock  also  carries  small  glistening 
faces  of  carbonate.  A  specimen  of  a  coarser  variety  was  seen  in  thin  section 
to  be  composed  largely  of  iron  oxide  and  transparent  granules  averaging  about 
1  mmL  in  diameter.  The  granules  are  of  very  finely  Agranular  silica,  mostly 
red  stained,  and  holding  variable  amounts  of  dust-like  iron  oxide.  In  parts  of 
the  section,  the  iron  oxide,  chiefly  magnetite,  is  so  abundant  that  it  appears 
like  a  matrix  holding  the  colourless  grains.  In  other  places,  the  magnetite 
grains  are  more  widely  spaced  and  have  the  size  and  shape  of  the  granules.  A 
slight  amount  of  green  mineral  is  present  in  some  of  the  granules. 

The  red,  finely  granular,  slightly  vitreous-looking  material  present  in  these 
red  and  black-zoned  strata  forms  highly  irregular  lenses  and  strips.  Some  are 
several  feet  long,  brilliant  red,  and  composed  of  minute  ellipsoidal  and  occa- 
sional sharply  rectangular,  red  granules  varying  in  size  up  to  0-03  inches  and 
closely  set  in  a  dark,  dense  base  that  contains  carbonate.  The  borders  of  some 
of  these  layers  are  banded  red  and  faintly  reddish,  almost  black.  The 
layers  have  wavy  outlines,  individual  layers  swelling,  thinning,  and  ter- 
minating. The  dark  parts  seem  to  be  of  the  same  materials  as  the  lighter 
coloured  parts  but  are  much  richer  in  iron  oxide.  A  sample  of  a  red  part  of 
one  layer  examined  in  thin  section  was  found  to  be  composed  of  granules,  set 
in  a  colourless  matrix  of  silica,  that  in  part  exhibits  radiating  and  sheaf-like 
forms.  The  granules  are  mainly  elliptical  and  vary  greatly  in  size;  most  are 
opaque  and  wholly  red  in  reflected  light  or  with  dust-like  grains  and  aggre- 
gates either  distributed  through  the  granules  or  forming  a  partial  rim.  Some 
granules,  red  stained,  are  transparent  and  composed  of  exceedingly  fine-grained 
silica.  Individuals  are  present  affording  all  gradations  between  granules 
wholly  dense  and  others  wholly  clear  save  for  included  duart-like  matter.  Car- 
bonate occurs  in  various  areas,  in  rhombs  and  irregular  grains  developed  with- 
out regard  to  the  general  structure.  One  exceptionally  large  granule  was  com- 
posed of  about  one  himdred  small  granules  set  in  a  granular  carbonate  matrix. 

Bed-weathering  strata,  in  part  dark  grey  or  black  where  unweathered  and 
in  general  resembling  the  measures  of  the  lower  70  feet,  extend  upwards  in  the 
section.  Their  total  thickness  is  certainly  126  feet  and  may  be  as  much  as 
175  feet,  if,  ae  is  probable,  the  iron-formation  everywhere  in  this  rather  limited 
area  in  the  north  part  of  Innetalling  island  has  a  uniform  total  thickness  of 
460  feet  Unfortunately  in  the  few  places  where  the  whole  iron-formation  lies 
above  sea-level  and  the  position  of  the  base  is  clearly  indicated,  the  middle 
part  of  the  formation  is  concealed  and  it  is  not  possible  directly  to  determine 
the  thickness  of  the  lower  member.  The  highly  ferruginous  zone  at  the  top 
of  the  Lower  ECorizon  is  exposed  in  various  parts  of  the  northern  sections  180 
feet  below  the  top  of  the  formation;  it  is  200  feet  below  the  top  in  the  southern 
sections.  Assuming  that  the  total  thickness  of  the  iron-formation  remains  con- 
stant at  about  450  feet  and  that  the  top  of  the  ferruginous  zone  marks  every- 
where an  equivalent  horizon,  then,  as  displayed  along  the  outcrop  of  the 
western  band  in  the  north,  the  lower,  fine-grained,  chiefly  red  strata  have  a 
thickness  of  175  feet  and  extend  upwards  to  an  horizon  90  feet  below  the  top 
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of  the  Lower  Division.  They  -are  there  succeeded  by  a  15-foot  zone  of  strata 
banded  purple  and  dark  reddish,  nearly  black,  which  are  finely  granular  and 
rich  in  iron  oxides.  This  zone  resembles  the  upper  ferruginous  horizon,  but 
has  a  lower  content  of  iron.  Above  this  zone  for  a  thickness  of  60  feet,  the 
strata  as  shown  in  several  sections  in  the  northern  part  of  the  western  band 
are  chiefly  red  with  layers  and  zones  of  dark  grey.  The  red  beds  are  in  part 
ferruginous  with  occasional  beds  of  a  high  iron  content.  These  measures  in 
character  are  intermediate  between  the  overlying  ferruginous  zone  and  the 
denser,  less  ferruginous  beds  of  the  lower  part  of  the  formation. 

Towards  the  north  end  of  the  west  band,  a  well-defined  ferruginous  zone 
commences  Qt  an  horizon  assumed  to  be  about  240  feet  above  the  base  and 
extends  upwards  for  27  feet  to  the  top  of  the  Lower  Division.  The  strata  in 
this  zone  are  markedly  banded  and  this  appearance  is  emphasized  by  the  pre- 
sence of  much  of  the  red,  somewhat  cherty-looking  material  in  flattened  lenses 
arranged  as  though  they  were  portions  of  disrupted  or  partly  replaced,  thin, 
irregular  layers  that  swelled  and  pinched  in  thicknesses  from  one  foot  to  less 
than  an  inch.  In  places  such  material  is  more  abundant  than  in  others.  On 
the  whole  it  is  estimated  to  occupy  at  least  10  per  cent  of  the  total  volume. 
The  associated  ferruginous  strata  are  in  part  black,  being  a  flne-grained  aggre- 
gate of  minute  granules  of  magnetite  and  red-coloured  material.  The  individual 
layers  are  mainly  massive  and  unhanded.  Some  are  so  rich'  in  magnetite  that 
the  granules  are  no  longer  apparent.  Layers  are  present  exhibiting  characters 
ranging  from  those  of  the  dark,  magnetite-rich  beds  to  others  "which  are  red, 
low  in  magnetite,  and  very  clearly  ex'hibit  the  granular  texture.  Zon^  are 
present,  also,  which  include  layers  of  very  dense,  almost  argillaceous-looking 
mateiirl,  other  dark  greenish  layers,  and  still  others  finely  granular  in  texture 
approximating  in  character  the  "blocky"  type. 

The  highly  ferruginous  zone  at  the  top  of  the  Lower  Division  is  traceable 
southward  along  the  western  band  for  about  4  miles  until  it  sinks  below  tlie 
waters  of  the  tidal  lake,  and  it  is  visible  at  intervals  along  the  course  of  the 
eastern  band.  In  places  the  relations  holding  between  the  ferruginous  strata 
and  the  interrupted,  thin,  red,  irregular,  somewhat  chert-like  layers,  seem  to 
indicate  that  these  layers  at  one  time  were  continuous,  but  since  have  been 
partly  replaced.  At  one  exposure  what  appears  originally  to  have  been  a  6- inch 
layer  of  the  red  rock  is  now  represented  by  larger  and  smaller  bodies  of  various 
shapes,  but  so  disposed  as  to  clearly  define  "what  seems  to  have  been  the  two 
bounding  planes  of  a  uniformly  thick  and  presumably  solid  layer.  The  frag- 
ment-like remains  of  this  once  continuous  layer  are  now  embedded  in  finely 
granular  ferruginous  rock  minutely  streaked  and  lined  in  black.  This  lining 
is  parallel  to  the  bedding  in  the  main  body  of  the  rock,  but  in  the  fragmentary 
layer  it  conforms  to  the  curving,  irregular  outlines  of  the  fragments,  and  where 
the  granular  ferruginous  matter  crosses  the  band  in  narrow  strip-like  areas 
the  lining  is  parallel  to  the  sides  of  these  strips.  Depending  on  the  direction 
of  the  strips,  it  may  even  follow  planes  at  right  angles  to  the  normal  bedding 
planes.  Considering  that  the  ferruginous  country  rock  is  composed  so  largely  of 
granules  and  that  these  presumably  received  their  outlines  when  the  rocks  first 
formed,  it  seems  probable  that  the  replacement  of  the  red,  somewhat  vitreous 
layers,  if  such  a  replacement  has  happened,  took  place  while  the  strata  were 
still  forming  and  prior  to  their  final  consolidation. 

Upper  Division 

Wherever  the  top  of  the  ferruginous  member  at  the  summit  of  the  Lower 
Division  is  exposed  it  is  sharply  terminated  and  is  succeeded  by  dark,  slaty 
beds,  in  part  hard  and  splintery.    A  few  feet  up,  these  become  reddish  and  in 
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some  places  at  least,  at  an  horizon  35  feet  above  the  base  there  is  a  zone  con- 
taining many  irregular  layers  of  the  red,  somewhat  chert-like  rock  and  a  few 
bede  of  the  grey,  granular,  irregularly  bedded  type. 

The  slaty  strata  are  succeeded  upwards  by  a  band  of  the  grey,  granular 
rock  variety.  The  base  of  this  band  was  nowhere  seen,  but  its  summit  is  visible 
in  many  places  at  an  horizon  90  to  95  feet  above  the  base  of  the  Upper  Division. 
The  greatest  exposed  thickness  of  this  band  is  35  feet.  The  rock  composing  it 
is  dark  grey  and  varies  in  grain.  The  individual  grains,  when  large  enough 
to  be  distinguished  by  the  aid  of  a  lens,  are  reddish,  grey  or  bladt.  Occasion- 
ally they  are  rounded,  but  most  seem  irregular  of  outline.  Small  grains  of 
carbonate  are  present,  the  amount  vairying  from  spot  to  spot.  There  are  some 
very  dark  irregular  streaks  and  areas  due  to  the  abundance  of  finely  granular 
magnetite.  At  some  localities  the  mass  holds  many  partings  of  nearly  black, 
dense,  slaty  material.  In  some  exposures  the  whole  bank  is  interleaved  with 
irregular,  discontinuous  layers,  lenses,  and  streaks  of  the  brilliant  red,  chert- 
like material.  This  red  material  is  composed  of  small  red  granules,  many  with 
a  dark  centre  of  magnetite,  closely  set  in  a  paler  matrix.  In  thin  section,  the 
laige,  close-set  granules  were  seen  to  be  composed  of  very  finely  but  distinctly 
crystalline  silica,  stained  reddish,  and,  in  some  cases,  with'  groups  of  small 
magnetite  grains  generally  centrally  disposed.  The  granules  are  turbid,  varying 
in  this  respect  from  faintly  turbid  to  almost  opaque.  The  turbidity  is  appar- 
ently the  cause  of  the  red  colour.  The  sparsely  developed  matrix  is  a  rather 
coarse  quart^z  mosaic. 

The  relations  of  this  red  material  to  the  normal  rock  are  intricate.  In 
general  the  red  layers  are  sharply  outlined,  but  in  places  their  boundaries  are 
embayed  and  narrow  projections  of  the  red  seem  at  their  extremities  to  be  repre- 
sented by  small  detached  masses,  the  outermost  of  which  in  size  are  only  minute 
grains.  One  layer  of  the  red  material  several  inches  thick  was  observed  into  which 
the  grey,  granular  rock  projected  as  a  narrow,  straight,  vein-like  body  an  eighth 
of  an  inch  wide;  towards  the  middle  of  the  red  layer  this  vein  expanded  into 
a  body  of  irregular  outline,  one-half  inch  in  diameter  and  with  numerous  red 
granules  throughout.  In  some  parts  of  the  rock  mass,  the  red  material  instead 
of  forming  numerous  definite  layers  is  represented  only  by  small,  irregular 
bodies  not  systematically  arranged.  The  phenomena  thus  referred  to  seem  to 
indicate  that  the  red  material  has  suffered  replacement  by  the  grey. 

The  bank  of  grey,  granular  rock  is  succeeded  upwards  by  a  zone  varying 
in  thickness,  in  different  sections,  between  5  feet  and  10  feet  and  consisting 
of  dark,  dense  strata,  in  part  slaty-like,  in  part  hard  and  splintery.  These  beds 
characteristically  weather  a  dark  brown  in  a  sharply  defined  outer  zone.  At  one 
locality  this  weathered  zone  holds  many  layers,  etc.,  of  the  red,  somewhat 
chert-like  material  and  beds  of  the  dark  strata  are  crowded  with  minute  octahedra 
and  specks  of  magnetite. 

The  dark  horizon  is  succeeded  upwards  by  30  feet  of  the  grey,  granular 
rock  type  not  distinctly  bedded  and  holding  numerous  streaks  of  rusty  and 
dark  brown  weathering  matter.  The  main  rock  is  a  very  dark  grey,  with  a 
sheen  due  to  the  great  quantity  of  minute  specks  of  magnetite.  These  lie  in  a 
finely  granular,  crystalline  ground  free  from  carbonate.  The  strata  are  hard, 
massive,  and  not  distinctly  bedded,  but  parting  in  irregular  layers.  An  example 
of  this  rock  in  thin  section  appears  as  a  granular  mass  of  magnetite  and 
quartz.  The  quartz  occurs  in  interlocking  grains,  varying  in  size  but  perhaps 
averaging  1  mm.  The  magnetite  is  less  abundant  and  the  individual  grains 
mostly  possess  clean-cut  crystal  boundaries.  In  addition  to  these  constituents 
there  a»-e  large  and  small  felted  aggregates  of  a  green  mineral  in  thin  plates. 
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At  the  locality  that  shows  abundant  red,  cherty-looking  material  in  the 
underlying  slaty  zone,  this  blocky  layer  carries  much  of  the  same  cherty- 
lookin^^  matter  and  the  upper  part  of  the  bank  has  interbedded  leaves  and  thin 
layers  of  dark  strata  resembling  that  of  the  next  overlying  horizon. 

The  gr^  granular  bank  just  described  is  overlain  by  20  feet  of  dense, 
dark  strata.  In  several  localities,  the  uppermost  beds  are  unhanded  and  con- 
tain a  carbonate.  They  have  an  outer,  weathered,  deep  brown  to  almost  black 
zone,  whereas  the  fresh  interior  is  a  deep  chocolate  brown,  very  fine  grained, 
and  full  of  minute,  brightly  shining  flakes  irr^rularly  disposed.  Below  this 
layer  the  strata  are  of  purple,  compact  rock,  in  part  alnK>st  dense,  in  i>art  with 
a  suggestion  of  granularity.  They  are  ferruginous  and  in  some  cases  display 
tiny  specks  of  magnetite  and  minute  red  granules.  A  specimen  of  the  upper 
dark  beds,  in  thin  section  shows  specks  and  small  grains,  some  with  crystal 
boundaries,  of  magnetite  uniformly  scattered  through  a  turbid  base  apparently 
very  largely  formed  of  finely  granular  carbonate  carrying  innumerable  thin 
plates  of  a  green  mineral.  Individuals  of  this  green  mineral,  according  to  the 
direction  in  which  they  are  cut,  appear  either  as  ragged  films  or  acicular  forms. 

These  fine-grained  beds  are  overlain  by  a  band  of  the  grey,  granular  rock 
type  that  forms  the  uppermost  horizon,  of  the  iron-formation.  It  varies  in 
thickness  from  25  feet  in  the  north  to  50  feet  in  the  soutli.  The  rock  weathers 
reddish,  but  is  dark  greenish  grey  on  fresh  surfaces  and  is  streaked,  parted, 
and  recessed  by  rusty-weathering  material  which  in  places  perhaps  equal  in 
volume  the  more  normal  strata.  Much  of  the  rock  weathers  with  a  pitted  sur- 
face due  to  the  presence  of  grains  and  small  aggregates,  up  to  0*25  inches  or 
more  in  diameter,  of  this  same  rusty-weathering  matter.  The  latter  occurs  in 
long  strips,  in  places  in  bands  or  highly  irregular,  elongated  lenticular  bodies. 

The  normal  rock  on  fresh  surfaces  is  almost  black,  flecked  with  white,  and 
possesses  an  irregular,  semi-conchoidal  fracture.  With  the  aid  of  a  lens  it  is 
possible  to  distinguish  innumerable  pale  coloured,  faintly  greenish  granules 
set  in  a  darker  matrix.  In  thin  section  the  rock  appears  composed  of  very  fine- 
grained but  distinctly  granular  silica  arranged  in  a  coarse  net-work  whose 
meshes  are  oval,  and  irregular  areas  of  comparatively  coarse,  slightly  reddish^ 
quartz  mosaic  containing  a  few  shreds  or  wisps  of  green  mineral.  No  iron 
oxide  is  visible.  Presumably  the  oval  and  irr^^ular  areas  represent  large 
granules.  A  number  of  rhombs  of  calcite  with  pronounced  zonal  structure 
have  developed  without  respect  to  the  general  structure  of  the  rock. 

The  markedly  rusty- weathering  material,  so  abundant  in  the  strata,  is,  on 
fresh  surfaces,  pale  grey, -trystalline,  of  medium  grain,  and  has  a  faint  vitreous 
lustre.  In  thin  section  it  appears  as  a  finely  granular,  interlocking  aggregate 
of  carbonate  with  occasional  small  grains  of  quartz  and  countless  needle-like 
forms  of  a  mineral  resembling  sillimanite. 

At  one  locality  where,  as  already  noted,  the  underlying  strata  are  some- 
what abnormal  and  contain  much  of  the  red,  somewhat  chert-like  material, 
the  uppermost  horizon  also  shows  a  development  somewhat  out  of  the  ordinary. 
The  lower  part  consists  of  irregular  massive  layers  of  lusty-weathering,  very 
dark  greyish  rock  minutely  flecked  with  white.  It  is  very  dense,  almost  cherty, 
in  appearance  and  bears  grains  and  irregular  aggregates  up  to  one-half  inch 
in  diameter  of  clove-brown,  finely  crystalline  carbonate.  In  thin  section,  this 
rock  variety  appears  composed'  chiefly  of  silica,  in  part  very  finely  granular, 
in  part  in  small  irregular  areas,  relatively  coarse  grained.  Possibly  the  finer- 
grained  matter  represents  large  granules  whose  boundaries  are  not  distinguish- 
able. A  small  amount  of  turbid  carbonate  is  present  partly  in  irregular,  partly 
in  crystal  forme. 

The  upper  part  of  this  stratum  is  in  part  of  rock  like  that  of  the  lower 
part,  and  in  part  is  denser,  duller-looking,  and  lacks  the  areas  of  carbonate. 
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TUKARAK  ISLAND  AREA 


On  Tukarak  island  the  eastern  band  of  the  iron-formation  is  for  the  most 
part  drift  covered,  but  at  two  localities  outcrops  are  more  numerous  and  it  is 
evident  that  the  general  expression  of  the  formation  is  different  from  that  of 
the  already  described  areas. 

At  one  locality,  one  mile  south  of  Laddie  harbour,  the  formation  is  865 
feet  thick.  The  lower  part,  245  feet  thick,  is  only  partly  exposed  and  so  far  ae 
seen  is  composed  of  very  fine-grained  strata,  chiefly  banded  purple  and  dark 
grey  or  black.  Towards  the  base  there  are  more  thinly  banded  measures  of 
red,  green,  and  dark  grey  coloure  and  with  zones  in  which  are  numerous 
irregular  layers  of  the  red,  somewhat  chert-like  material. 

These  banded  rocks  are  succeeded  upwards  by  about  15  feet  of  dense, 
black,  slate-like  strata  with  a  th'in,  outer,  brown-weathered  zone.  Above  this 
for  dO  feet  in  the  rock  section,  the  dark,  dense  rocks  are  interbedded  with 
ferruginous  layers  which  upwards  increase  in  thickness  and  frequency  and 
finally  for  a  thickness  of  10  feet  between  horizons  290  feet  and  300  feet  above 
the  base  of  the  formation,  the  strata  are  all  ferruginous.  Above  this,  through 
an  interval  of  65  feet  to  the  top  of  the  iron-formation,  the  strata  are  wholly 
concealed. 

The  ferruginous  rocks  are  banded  dark  red,  purple,  and  nearly  black. 
Individual  layers  are  finely  granular,  not  unlike  a  fine,  even-grained  sand- 
stone; they  are  compact,  unhanded,  and  have  a  sheen  due  to  abundant,  minute, 
scaly  particles  of  brilliant  lustre.  The  variations  in  colour  are  largely  due  to 
the  variations  from  layer  to  layer  in  the  amount  present  of  finely  granular 
magnetite.  In  thin  section  the  rock  is  seen  to  be  an  even-grained  aggregate 
chiefly  of  clear  grains  of  quartz,  orthoclase,  microdine,  and  plagioclase  feldspar, 
and  of  shapeless  aggregates  of  hematite  and  magrnetite  which  with  a  green 
minernl  ect  as  a  matrix  in  which  the  colourless  grains  lie  embedded.  The  grains 
of  quartz  and  feldspar  apparently  are  of  clastic  origin  and  are  rounded  or 
irregularly  rectangular  of  outline.  Most  of  them  have  narrow  borders  of  the 
green  mineral  which  seems  to  be  penetrating  the  quartz  and  feldspar  grains 
and  in  some  cases  follows  cracks  across  them.  A  complete  series  of  examples 
exist,  from  clear  grains  having  the  narrowest  of  green  rims  to  others  composed 
nearly  entirely  of  the  green  mineral.  It  seems  reasonably  certain  that  the 
grreen  mineral  has  partly  replaced  the  quartz  and  feldspar. 

Six  miles  north  of  the  above-described  locality  or  4  miles  north  of  Laddie 
harbour,  the  iron-formation  is  partly  exposed  and  has  a  thickness  of  370  feet. 
The  lowermost  strata  for  a  thickness  of  35  feet  are  concealed.  Above  this  for 
70  feet  to  an  horizon  105  feet  above  the  base  of  the  formation,  the  strata 
possess  a  marked  banding.  To  near  the  top  of  the  70-foot  interval  the  measures 
occur  in  thin  beds  and  layers  an  inch  or  less  thick  and  variously  coloured  black, 
grey,  dark  and  light  reddish  purple,  and  green.  The  strata  are  all  fine  grained 
.and  slate-like.  One  variety  in  thin  layers  of  an  eighth  of  an  inch  and  less  is 
chiefly  dark  greenish,  but  partly  black  and  pale  grey.  The  different  layers 
are  not  continuous,  many  of  them  being  very  short,  lens-like.  The  whole  is 
very  fine  grained  and  hard.  In  thin  section  the  rock  is  seen  to  be  composed  of 
close-set  grains  of  quartz,  orthoclase,  microcline,  and  plagioclase ;  abundant  car- 
bonate in  minute  grains  and  larger  irregular  forme  appears  to  be  replacing  the 
quartz  and  feldspar.  In  addition  there  is  considerable  magnetite  and  a  small 
amount  of  green  mineral.  The  rock  is  banded,  the  banding  being  made  evident 
by  the  concentration  of  the  magnetite  along  narow  zones.  The  rock  is  essen- 
tially a  clastic. 

Above  these  fine-grained  banded  strata,  for  a  thickness  of  10  feet  up  to 
an  horizon  115  feet  above  the  base   of   the  formation,   the   strata  are  almost 
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dense  and  purple.  Tliey  include  ferruginous  layers  and  also  many  irre^ar 
layers  of  dark  ^K)loured,  somewhat  cherty-looking  material.  Above  this  zone, 
through  a  thickness  of  15  feet  up  to  the  130-foot  horizon,  the  rock  is  chiefly 
of  the  bright  red,'  chert-like  matter  which  forms  irregular  layers  and  lenticular 
masses  as  thick  as  6  inches.  These  occur  in  bright  red,  dense  yet  faintly 
granular,  slaty  beds  containing  much  hematite. 

Upwards  in  the  section  for  75  feet  to  the  205-foot  horizon,  the  strata  are 
very  fine  grained,  banded  in  various  shades  of  purple,  with  thin  films  and 
bands  of  grey  finely  granular  material.  Along  their  parting  planes  the  rocks 
mostly  exhibit  a  faint  sheen  due  to  albundant,  brightly  reflecting,  presumably 
scaly  forms. 

The  reddish,  purple  and  grey-banded  strata  are  overlain  by  dense,  compact, 
black  strata  carrying,  irregularly  arranged,  minute  scaly  forms  and  weather- 
ing to  form  an  outer  brown  zone.  Upwards  for  nearly  60  feet  the 
strata  are  poorly  exposed,  but  in  this  interval  there  is  one  exposure  of  beds  of 
black,  faintly  purple-tinged  rock©  which  are  very  dense  and  moderately  soft. 
They  are  grey  lined  in  thin  zones  and  have  slate-like  partings  possessing  a 
faint  sheen  from  the  abundance  of  minute  scaly  forms. 

Between  horizons  250  feet  and  305  feet  above  the  base  of  the  formation, 
the  measures  are  banded  in  reddish,  purplish,  and  purplish-gnrey  shades.  In 
the  lower  part  of  this  55-foot  interval  the  alternate  bands  are  very  narrow  and 
some  of  these  are  largely  of  finely  granular,  grey  material,  presumably  of 
clastic  grains,  forming  short  overlapping  layers.  Upwards  the  grey  bands 
decrease  in  amount,  the  rocks  gradually  assume  a  more  prominent  granular 
appearance,  and  towards  the  top  many  layers  are  highly  ferruginous. 

The  succeeding  strata  for  a  thickness  of  35  feet  to  an  horizon  340  feet 
above  the  base,  so  far  as  they  are  exposed,  are  highly  ferruginous  and  largely 
dark  reddish.  They  have  irregular  fractures,  feel  rough,  and  look  minutely 
granular.  Fresh  surfaces  have  a  faint  sheen.  Examined  with  a  lens  the  rocks 
have  the  appearance  of  a  fine,  even-grained  sandstone.  Some  of  the  beds  are 
less  ferruginous  than  others,  are  banded  in  lighter  colours,  and  are  denser  and 
more  argillaceous  in  general  appearance.  All  the  layers  or  bands  vary  in 
thickness  along  the  strike. 

A  thin  section  of  one  of  the  coarser  phases  shows  the  rock  to  be  an  aggre- 
gate of  rounded  and  irregular  grains  of  quartz,  orthoclase,  microcline,  and 
plagioclase  feldspar,  specks  and  irregular  grains  of  iron  oxide,  and  aggregates 
of  green  mineral.  The  iron  oxide  appears  as  a  matrix  holding  the  colourless 
quartz  and  feldspar  individuals,  but  though  the  iron  oxide  in  part  may  play 
the  part  of  a  host,  yet  by  reflected  light  this  material  appears  in  part  as 
rounded  aggregates  corresponding  in  shape  and  size  to  the  colourless  grains. 
There  are  also  examples  which  show  a  complete  gradation  from  quartz  or  feld- 
spar grains  encircled  with  a  very  narrow  rim  of  hematite  to  other  grain-like 
forms  either  solely  of  hematite  or  with  a  small,  remnant-like  core  of  quartz 
or  feldspar.  Apparently  the  iron  oxide  has  in  part  replaced  the  clastic  grains. 
Magnetite  occurs  as  grains  bordered  by  hematite,  but  most  of  the  dark  oxide 
occurs  dust-like  as  small  specks  and  small  formless  grains  irregularly  distri- 
buted through  the  hematite.  The  green  mineral  forms  individuals  in  shape 
and  size  like  those  of  quartz  and  feldspar,  but  occurs  partly -in  irregular  aggre- 
gates, and  these  together  with  the  more  regularly  outlined  forms  are  either  a 
felted  mass  or  an  assemblage  of  bladed  forms. 

Above  the  exposures  of  ferruginous  strata,  the  rocks  are  concealed  for  a 
thickness  of  20  feet  up  to  an  horizon  360  feet  above  the  base  or  10  feet  below 
the  top  of  the  formation,  where  a  thickness  of  5  feet  of  the  grey  granular  type 
is  exposed.    Upwards  the  strata  are  concealed  to  the  top  of  the  formation.   The 
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grey  variety. in  thin  section  is  seen  to  consist  of  faintly  yellowish,  in  part 
turbid  granules  lying  in  a  clear,  quartz  mosaic.  The  clearer  granules  are 
composed  of  finely  granular  silica,  in  many  cases  with  a  relatively  coarse- 
grained central  part.  The  turbid  granules  in  part  owe  their  turbidity  to  dust- 
like magnetite,  but  mainly  to  turbid  carbonate  which  in  the  aggregate  is  very 
abundant.  The  carbonate  grains  for  the  most  part  are  small  rhombs  with  an  occa- 
sional one  much  larger  than  usual.  Some  of  the  granules  are  wholly  carbonate 
and  the  same  mineral  also  occurs  in  the  matrix.  A  few  shreds  of  green  min- 
eral are  present. 

Origin 

CX)ND1TI0NS  OF  DEPOSITION 

The  iron-formation,  as  the  previous  descriptions  indicate,  is  a  bedded  for- 
mation, varying  in  thicknees,  so  far  as  known,  between  300  feet  and  450  feet 
and  exhibiting  no  evidence  of  having  been  subjected  to  either  contact  or  regional 
metauiorphism.  A  large  part  of  the  formation  is  composed  of  dense,  red,  some- 
what slate-like  strata  made  up  of  very  finely  granular  quartz  and  carbonate. 
These  constituents  are  in  varying  proportions  in  different  beds  and  bands  and 
are  accompanied  by  a  small  amount  of  minute  clastic  grains  of  quartz  and 
feldspar.  The  red  colour  is  due  to  duet-like  hematite  frequently  so  abundant 
as  to  obscure  the  other  rock  constituents.  These  dense  red  types  in  places 
grade  into  finely  granular,  red,  purple,  and  black,  richly  ferruginous  rocks 
which  in  addition  to  hematite  and  magnetite  are  largely  composed  of  finely 
granular  quartz  that  in  part  forms  the  matrix  of  the  rocks  and  in  part  forms 
distinct  rounded  aggregates  or  granules.  A  third  rock  type  id  dark  grey  or 
black,  usually  slate-like,  banded,  and  dense.  This  type  commonly  carries  con- 
siderable fine-grained,  detrital  quartz  and  feldspar  and  is  composed  of  ferru- 
ginous carbonate  and  finely  divided  quartz  in  various  proportions.  A  fourth 
rock  type,  unlike  the  preceding  varieties,  is  not  distinctly  bedded  nor  banded, 
is  grey  of  colour,  finely  granular,  and  composed  chiefly  of  very  fine-i^rained 
quartz  that  occurs  in  minute  granules  and  as  a  matrix  around  these  forms.  A 
fifth  rock  type  is  highly  ferruginous,  bedded  and  banded,  resembles  fine,  even- 
grained  sandstones,  and  is  chiefly  composed  of  minute  clastic  quartz  and  feld- 
spar grains  lying  in  a  base  of  granular  hematite  and  magnetite.  A  sixth  rock 
type  is  greenish,  purple  or  red,  jwssesses  a  slightly  vitreous  lustre  and  a  semi- 
conchoidal  fracture.  It  superficially  resembles  chert  or  jasper,  but  is  com- 
posed of  minute  granules,  largely  of  quartz,  set  in  a  dense,  siliceous  matrix. 
These  jaspery  and  chert-like  rocks  do  not  form  homogeneous  zones,  but  occur 
as  irregular  discontinuous  layers  in  the  ferruginous  horizons  and,  in  places,  in 
zones  of  the  compact,  grey,  granule-bearing  type. 

A  striking  feature  of  the  formation  is  its  banded  or  bedded  character.  The 
individual  bands  vary  from  mere  films  to  essentially  homogeneous  zones  20  or 
more  feet  thick,  but  the  great  bulk  of  the  layers  range  in  thickness  from  a 
small  fraction  of  an  inch  to  several  inches.  The  individual  layers  differ  from 
one  another  in  colour  and  texture  and  these  differences  seem  to  correspond  to 
a  still  wider  range  in  mineral  and,  presumably,  ultimate  composition.  Some 
sixty  thin  sections  were  examined  under  the  microscope  and  the  results  of  this 
examination  seem  to  indicate  that  only  by  a  minute  examination  of  the  strata 
layer  by  layer,  could  a  proper  conception  be  obtained  of  the  number,  kinds,  and 
relative  proportions  of  the  different  rock  varieties  present.  Independent  of  the 
exact  mineralogical  characters  of  the  individual  layers,  one  important  general 
feature  was  plainly  evident  by  macroscopic  examination  in  the  field,  namely, 
that  each  individual  layer  usually  grades  into  one  or  both  of  the  bounding  lavers. 
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In  some  cases  this  passage  is  gradual  through  a  considerable  proportion  of  the 
thickness  of  the  layers,  whereas  in  other  instances  the  change  is  almost  abrupt. 

An  analogous  feature  on  a  larger  scale  is  also  characteristic  of  the  lower 
part  of  the  formation  where  throughout  the  several  hundred  feet  of  strata  com- 
posing what  has  been  termed  the  Lower  Division,  the  general  diaracter  varies 
from  zone  to  zone.  Successive  zones  merge  into  one  another  as  a  result  of  the 
interbedding  of  different  rock  varieties  and  of  slow  changes  in  the  lithological 
characters  of  the  individual  layers  accompanied  by  gradual  changes  in  the  rela- 
tive proportions  of  the  numbers  and  sizes  of  the  varioas  rock  varieties.  In  the 
Upper  Division,  on  the  other  hand,  the  strata  of  each  zone  are  lithologically 
distinct.  The  rocks  of  one  zone  do  not  grade  into  those  of  adjoining  zones. 
Their  contacts  are  abrupt,  though  in  some  instances  at  the  junction  of  the 
zones  the  contrasting  rocks  are  interbedded. 

The  zonal  distribution  of  the  strata  is  indicated  in  the  folowing  tabular 
statement.  In  the  case  of  the  zones  described  in  this  table  as  being  composed 
of  "  red  and  grey,  dense "  rocks,  the  red  and  the  grey  measures,  respectively, 
form  distinct  zones  which  in  general  grade  into  one  another  by  interbedding. 


Lithological  units 


Thickness  in  feet 


Grey,  granule-bearing. . 

Dark,  dense 

Grey,  granule-bearing. 

Dark,  dense 

Grey,  granule-bearing. 
Dark  and  red,  dense. . . 


40 
25 


24 
21 


50 


25 


25  to  50 
20 
30 
5 
45 
50 


Ferruginous,  granule-bearing. 

Red  and  grey,  dense 

Ferruginous,  granule-bearing. 

Red  and  grey,  dense 

Ferruginous,  g^ranule-bearing. . 

Red  and  grey,  dense 

Grey,  granule-bearing, 
{leaai 


50 
50 


Land  grey,  dense. 


45 
10 
15 
10 
80 
26 
66 


30 

50 

15 

130 


25 


10 
30 


105 


Locality  No.  1.  Kasegalik  Lake  area;  lower  strata  not  exposed. 

Locality  No.  2.  Kipalu  Inlet  area,  south  end. 

Locality  No.  3.  Innetalling  Island  area. 

Locality  No.  4.  Tukarak  Island  area,  northern  section;  lower  part  only. 

Microscopic  examination  indicates  in  unmistakable  fashion  that  all  the 
strata  have  been  subjected  to  processes  of  alteration,  but  these  processes  seem 
to  have  consisted  in  the  main  of  the  replacement  of  one  mineral  by  another 
without  completely  obliterating  the  original  rock  textures  and  structures.  The 
rocks  examined  are  with  scarcely  an  exception,  either  fine-grained,  banded, 
but  otherwise  formless  aggregates  frequently  carrying  clastic  grains,  or 
else  they  present  definite  evidence  of  having  been  composed  of  minute  granules 
lying  in  a  distinct  matrix.  Several  thin  sections  showed  that  siliceous  rocks  of 
the  granule-bearing  type  had  been  partly  transformed  into  a  finely  granular 
quartz  aggregate  bearing  only  remnants  of  the  granules.  Other  thin  sections 
showed  v3arbonate  to  have  replaced  original  constituents  and  to  have  partly 
destroyed  the  original  textures  and  structures;  but  this  destruction  was  never 
complete.  It  does  not  seem  probable  that  many,  if  any,  of  the  carbonate-rich 
layers  originated  in  this  fashion,  for  the  secondary  carbonate  always  appeared 
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to  be  mineralogically  distinct  from  the  more  abundant  rock-forming  variety. 
Single  thin  sections  and  suites  of  thin  sections  afforded  examples  of  long  series 
that  seemed  to  indicate  all  stages  in  the  replacement  of  one  mineral  by  another, 
but  no  examples  were  observed  of  the  transformation  of  rock  varieties  bearing 
clastic  grains  into  dense,  structureless  rocks  or  into  granule-bearing  types. 
Neither,  except  partly  in  two  instances,  were  granule-bearing  strata  observed  to 
graduate  into  structureless  rocks.  The  absence  of  any  such  examples  is  con- 
sidered ample  proof  that  no  wholesale  transformation  of  the  strata  has  taken 
place  and  that  the  present  textures  and  structures  are  original.  The  fact  that 
different  rock  varieties  form  definite  zones  traceable  for  long  distances  and  in 
some  cases  of  r^narkably  uniform  thicknesses,  is  also  evidence  that  on  the 
whole  the  present  rock  structures  and  textures  are  original. 

The  iron-formation  is  indicated  to  be  of  sedimentary  ori^n  by  the  bedded 
nature  of  the  whole  formation,  the  zonal  grouping  of  beds  of  allied  lithological 
characters,  the  uniform  manner  in  which  individual  zones  extend  for  miles 
along  the  strike,  the  banded  character  of  most  of  the  zones  and  the  accompany- 
ing variations  in  mineralogical  and  textural  features  from  layer  to  layer,  the 
natures  of  the  apparently  original  textures  and  structures  exhibited  by  the  dif- 
ferent rock  varieties  and  by  the  presence  of  clastic  grains  of  quartz  and  various 
kinds  of  feldspar.  Except  the  clastic  quartz  and  feldspar  grains,  no  material  of 
clearly  detrital  origin  was  noted,  but  it  seems  possible  that  some  of  the  fine- 
grained l^eds  may  hold  finely  comminuted  argillaceous  matter.  No  tuffaceous 
material  was  anywhere  recognized  nor  was  there  any  indication  of  the  former 
existence  of  any  such  materials.  All  observed  characters  agree  in  indicating 
that  except  for  the  relatively  unimportant  clastic  matter,  the  iron-formation  is 
of  the  nature  of  a  precipitate  produced  under  changing  conditions.  The  nature 
and  source  of  the  original  solutions  and  of  the  agents  of  precipitation,  whether 
organic  or  inorganic,  are  not  directly  indicated. 

Some  of  the  general  conditions  governing  the  manner  of  dei)osition  of  the 
iron-formation  may  be  deduced  by  considering  the  nature  of  the  preceding 
and  succeeding  formations.  Underlying  the  iron-formation  is  a  very  thick 
assemblage  of  impure  limestones,  fine-grained  mostly  calcareous  sandstones, 
and  mud  rocks.  They  give  evidence  of  having  formed  in  standing  water,  and 
it  is  reasonable  to  believe  that  the  basin  was  at  least  sufficiently  extensive  to 
include  the  areas  of  similar  strata  distributed  at  intervals  for  a  length  of  300 
miles  along  the  east  coast  of  Hudson  bay.  The  waters  of  this  basin  may  have 
been  fresh,  but  no  evidence  supporting  such  a  conception  was  collected;  it 
seems  more  probable  that  the  waters  were  marine. 

The  formation  immediately  underlying  the  iron-formation  is  essentially 
a  clean,  even,  and  fine-grained  quartz  sand  with  a  variable  amount  of  carbonate 
that  in  part  forms  relatively  wide  bands  in  the  quartzite.  The  contact  of  the 
quartzite  with  the  overlying  iron-formation  is  sharp.  There  is  no  evidence  of 
an  unconformity,  no  interbedding  of  the  two  classes  of  materials,  and  abso- 
lutely no  signs  of  any  grading  of  one  into  the  other.  The  nature  of  the  con- 
tact and  the  character  of  the  two  formations  seem  to  indicate  that  deposition 
of  the  quartz  sand  was  succeeded  by  a  considerable  interval  of  non-dejwsition 
during  which  the  sand  was  reworked,  shifted,  and  spread  out  by  tidal  or  other 
currents.  Deposition  of  materials  may  have  proceeded  continuously  in  other 
parts  of  the  basin,  but  in  this  area  in  order  to  explain  the  abrupt  succession 
of  two  such  unlike  formations,  it  seems  necessary  either  to  postulate  an  inter- 
vening x)eriod  of  non-deposition  or  to  suppose  that  the  precipitation  of  the 
thick  iron-formation  (800  to  450  feet)  was  abruptly  commenced  and  was  so 
rapidly  accomplished  that  only  a  very  small  amount  of  clastic  material  was 
included  in  it.    It  seems  probable  that  the  area  was  continuously  submerged 
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while  the  iron-formation  was  being  deposited,  for  the  overlying  basalts  have' 
a  prominent  ellipsoidal  structure  such  as  is  not  inconsistent  with  a  belief  that 
these  flows  were  submarine.  Furthermore,  the  strata  of  the  iron-formation 
nowhere  afforded  any  evidence  of  even  a  temporary  emergence  during  their* 
deposition.  Interleaved  with  the  basalt  flows  are  thin,  discontinuous  layers 
of  black,  carbonaceous,  erhale-like  strata,  in  all  probability  truly  argillaceous. 
Their  presence  corroborates  the  general  conception  that  the  iron-formation 
was  deposited  in  a  basin,  probably  marine,  during  an  interval  when  little  or' 
no  coarsely  daetic  material  was  laid  down,  but  when  some  argillaceous  matter^ 
may  have  been  deposited  along  with  the  iron-formation.  The  interval  was 
apparently  closed  by  the  outpouring  of  basaltic  flows  accompanied  by  the- 
deposition  of  dark  muds. 

The  available  direct  evidence  as  given  above  seems  to  justify  the  conclu- 
sion that  the  iron-formation  is  primarily  a  sediment  precipitated  in  an  exten- 
sive marine  basin,  that  precipitation  was  accomplished  in  some  unknown  way 
and  that  it  took  place  under  changing  conditions.  These  conclusions  are  in  part 
based  on  observations  which  indicate  that  certain  rock  textures  and  structures 
are  original  features  which  have  been  preserved  despite  the  fact  that  various 
mineralogical  substitutions  may  since  have  taken  place.  The  nature  of  these 
mineralogical  changes  and  their  probable  date  are  matters  of  prime  importance 
in  connexion  not  only  with  a  discussion  of  the  mode  of  origin  of  the  iron- 
formation,  but  also  in  connexion  with  any  discussion  of  the  possible  existence^^ 
of  iron  ore  deposits  of  economic  importance. 

PARAGXEISSES 

The  mineralogical  conetancy  of  the  individual  lithological  zones  compos-^ 
ing  the  iron-formation  is  striking  and  significant.  The  iron-formation  was 
examined  over  a  considerable  length  of  outcrop  in  four  separate  areas  and  in 
a  single  partial  section  in  a  fifth  area.  These  areas  are  distributed  within  a 
district  40  miles  long  by  20  miles  broad.  Except  in  the  northeast  part  of  this 
area  of  800  square  miles,  the  iron-formation  is  clearly  divisible  into  an  Upper 
and  Lower  division  each  of  which  wherever  developed  has  the  same  distinctive 
features.  Furthermore,  lithological  units  no  thicker  than  5  to  25  feet  may 
be  traced  along  the  outcrops  for  upwards  of  10  miles.  In  the  northeastern 
part  of  the  district  it  did  not  seem  possible  to  divide  the  strata  into  two  hori- 
zons respectively  equivalent  to  those  found  elsewhere,  but  the  strata  of  this 
area  are  divisible  into  a  number  of  horizons,  some  only  a  few  feet  thick,  trace- 
able along  the  strike  and  xwssessing  characters  and  thicknesses  as  uniform  as 
the  subdivisions  of  a  normal  sedimentary  formation.  Therefore,  however 
greatly  the  strata  may  have  been  changed,  the  iron-formation  is  stratigraphic- 
ally  similar  to  more  normal  sedimentary  groups.  Even  the  highly  ferruginous 
beds  which  might  be  assumed  to  be  largely  secondary,  occur  in  each  area  at 
definite  continuous  horizons.  Such  a  condition  indicates  that  the  present 
lithological  characters  are  essentially  original.  Any  mineralogical  changes 
that  may  have  taken  place  must  have  been  almost  contemporaneoue  with  the 
first  laying  down  of  the  beds,  or  else,  if  they  occurred  long  afterwards,  they, 
must  have  been  accomplished  by  agents  operating  with  almost  uniform  effect 
through  each  lithologically  distinct  zone. 

The  clastic  grains  of  quartz  and  feldspar  are  the  only  constituents  that 
unquestionably  are  original.  The  uniform,  clear,  undecayed  condition  of  the 
feldspar  graine  indicates  that  they  are  the  product  of  a  mechanical  disintegra- 
tion of  an  earlier  rock.  But  it  is  not  clear  whether  the  granules  of  the  granule- 
bearing  rock  types  were  at  one  time  all  composed  of  greenalite  or  some  allied 
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ferruginous  compound,  or  whether  some  were  of  iron  oxide,  or  of  silica,  or  of 
carbonate,  or  of  mixtures  of  various  minerals.  The  thin  section©  alone  give  , 
no  certain  indication  of  the  original  mineralogical  composition  of  the  granule- 
bearing  rocks.  There  is,  however,  a  considerable  body  of  evidence  indicating 
that  the  iron  oxides  are  at  least  partly  replacements  both  of  the  granules  and 
of  the  matrix  and  of  larger  irregular  forms  of  what  once  was  a  green  mineral. 
The  non-clastic  beds  of  the  formation  are  composed  of  silica,  carbonates, 
hematite,  magnetite,  and  a  green  mineral  or  minerals  thought  to  be  in  part, 
at  least,  greenalite.  These  minerals  were  observed  to  occur  in  so  many  com- 
binations and  proportions  as  to  render  it  probable  that  there  are  layers  com- 
posed of  any  one  or  of  any  two,  three,  four,  or  all  five  of  these  constituents 
in  varioTis  proportions. 

The  very  fine-grained  strata  so  prevalent  in  the  Lower  Division  were 
found  in  the  few  specimens  microscopically  examined  to  be  exceedingly  fine 
grained  and  composed  chiefly  of  carbonate  or  perhaps,  in  some  instances,  car- 
bonate and  silica.  Dark  dense  strata  of  the  Upper  Division  are  in  some 
instances  largely  of  finely  granular  carbonate  that  in  some  cases  forms  the 
matrix  in  which  lie  clastic  quartz  and  feldspar  grains.  The  carbonate  in  such 
and  related  examples  has  every  appearance  of  being  an  original  constituent. 
It  is  indicated  to  be  ferruginous  by  its  turbid  appearance,  the  associated  dust- 
like or  very  finely  granular  hematite  or  magnetite,  or  both,  and  by  the  charac- 
teristic yellowish  and  brownish,  limonitic  outer  weathered  zones  of  some  of 
these  rocks.  Secondary  carbonate  was  observed  as  vein-like  aggregates  or  crys- 
tals in  many  thin  sections. 

The  silica  was  observed  to  occur  in  three  general  ways.  First,  as  fine- 
grained aggregates  partly  or  wholly  forming  spherical,  elliptical,  and  more 
irregular  minute  bodies  or  "granules."  Second,  as  finely  granular  aggregates 
partly  or  wholly  forming  a  matrix  holding  such  granules.  Third,  rarely  as 
granular  aggregates  holding  only  fragments  and  mere  traces  of  granules  as 
thougi;  the  rock  were  undergoing  a  process  of  recrystallization.  Though  many 
layers  were  observed  which  bore  a  casual  resemblance  to  dark  chert  or  bril- 
liant jasper,  no  undoubted  example  of  chert  or  jasper  was  found.  The  chert- 
like and  jasper-like  layers  invariably  displayed  perfectly  preserved  granules  of 
varied  composition  in,  apparently,  unaltered  siliceous  matrices.  In  a  number 
of  examples  the  rocks  consisted  essentially  of  granules  of  silica  in  a  granular 
matrix  of  the  same  material.  In  many  thin  sections  granules  composed  almost 
entirely  of  silica  were  accompanied  by  others  formed  of  greenalite,  others  of 
iron  oxides,  and  yet  others  composed  of  any  two  or  all  three  of  these  main 
constituents  in  various  proportions.  Phenomena  to  be  referred  to  later  seem  to 
indicate  with  a  reasonable  degree  of  certainty  that  much  if  not  all  the  iron 
oxide  is  secondary.  The  debatable  point  is  whether  all  or  nearly  all  the  granules 
were  once  composed  of  a  single  mineral,  greenalite  or  quartz,  or  whether  some 
granules  were  originally  of  greenalite  and  others  of  quartz. 

The  granule-bearing  rocks  occur  now  with  three  main  habits  and  form 
definite  zones  alternating  with  dense  strata.  In  the  Upper  Division  the 
granule-bearing  strata  form  grey,  nearly  massive  zones  from  a  few  feet  up  to 
50  or  more  feet  thick.  These  rocks  are  mainly  composed  of  quartz  and  are 
relatively  poor  in  greenalite  and  iron  oxide.  In  the  Lower  Division  similar 
rocks  in  different  localities  form  one  or  two  zones.  A  second  general  type  of 
the  granule-bearing  rocks  occurs  in  the  Lower  Division.  It  is  highly  ferruginous 
and  occurs  in  groups  of  definite  beds  of  varying  textures  and  mineralogical 
composition.    A  third  general  type  occurs  in  thin  discontinuous  layers.     It  is 
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highly  siliceous  and  usually  red  and  jasper-like  or  grey  and  chert-like,  but  the 
resemblance  to  jasper  or  chert  is  only  superficial.  These  discontinuous  layers 
in  some  cases  accompany  the  granule-bearing  strata  of  the  Upper  Division  and 
always  occur  with  these  rocks  where  developed  in  the  Lower  Division.  The 
tabular  statement  on  page  40  indicates  the  positions  of  the  observed  zones  of  the 
granule-bearing  rocks  in  the  generalized  sections  representing  the  various  areas 
examined. 

If  the  granule-bearing  zones  in  the  Upper  Horizon  were  once  composed  of 
granules  of  greenalite  lying  in  a  quartz  matrix,  it  is  remarkable  that  now, 
wherever  the  strata  are  exposed  in  the  areas  examined,  the  granules  are  essen- 
tially of  quartz.  The  area  examined  is  considerable,  consisting  as  it  does  of 
three  outcrops  of  the  iron-formation,  each  10  miles  or  more  long,  and  with  the 
two  mo6t  distant  outcrops  35  miles  apart.  Eminent  authorities  have  shown 
that  lithologically  essentially  similar  rocks  in  the  Mesabi  district,  Minnesota, 
have  developed  from  rocks  whose  granules  once  were  solely  or  mainly  comi>osed 
of  greenalite.  Therefore,  lacking  evidence  to  the  contrary,  the  analogous 
strata  on  Belcher  islands  also  presumably  once  contained  granules  only  of 
greenalite.  In  the  Mesabi  district  the  alteration  of  the  greenalite  rocks  to  the 
more  purely  siliceous  rocks  has  been  shown  to  be  due  to  ordinary  processes  of 
weathering  and  circulating  surface  waters.  The  same  general  agents  may  have 
produced  analogous  changes  in  the  rocks  of  Belcher  islands,  but  there  is  some 
evidence  that  indicates  that  other  transforming  processes  were  also  active. 

In  describing  the  strata  frequent  reference  was  made  to  thin,  discon- 
tinous  layers  of  rocks  that  superficially  resemble  chert  and  jasper.  These  rocks 
are  in  part  bright  red  like  jasper,  in  part  of  duller  green  and  purple  tones, 
and  have  a  slightly  vitreous  lustre  and  splintery  or  semi-conchoidal  fractures. 
Unlike  jasper  or  chert,  they  are  composed  of  granules  lying  in  a  fine-grained 
siliceous  matrix.  Thin  layers  of  these  occur  occasionally  in  the  dense  strata 
of  the  Lower  Division  and  are  very  abundant  in  the  ferruginous  zones,  in  some 
places  representing  20  per  cent  of  the  rock  volume.  Similar  layers  also  occur 
in  some  districts  with  the  grey,  granule-bearing  zones  of  the  Upper  Division. 
In  the  detailed  description  of  the  strata  it  has  been  stated  that  in  places  these 
layers  give  evidence  of  having  been  partly  replaced  by  the  rocks  in  which  th^ 
occur.  Examples  have  been  cited  of  layers  which  for  an  interval  are  r^re- 
sented  by  irregular  bodies  with  curving  outlines,  so  disposed  as  to  indicate  very 
clearly  the  former  boundaries  of  the  layers.  An  example  was  described  where 
the  enclosing  strata,  being  lined  and  streaked  parallel  to  the  bedding,  retains 
this  structure  where  it  lies  between  the  fragments  of  the  once  continuous  layer. 
The  lining  and  streaking  tend,  however,  to  be  parallel  to  the  irregularly 
curving  outlines  of  the  fragments  of  th'e  layer,  and  in  places  is  parallel  to 
planes  at  right  angles  to  the  bedding.  The  detached  portions  of  the  once  con- 
tinuous layers  are  not  products  of  contemporary  erosion,  for  they  still  lie  in 
their  original  position,  and  their  outlines  are  frequently  highly  irregular  with 
curving  tongue-like  projections  and  deep  embayments  sometimes  enlarging 
inwardly.  All  the  observed  facts  indicate  that  these  layers  were  unstable  pro- 
ducts of  deposition  subject  as  soon  as  formed  to  partial — ^perhaps  in  many  cases 
complete — re-absorption  of  replacement. 

Since  the  somewhat  jasper-like  and  chert-like  layers  in  all  probability  were 
absorbed  or  replaced  as  the  strata  were  forming,  it  is  not  unlikely  that  other 
members,  also,  of  the  rock  assemblage  were  subjected  to  transformations 
during,  or  immediately  following,  their  deposition.  Thus,  even  assuming  that 
the  granules  of  these  rocks  were  originally  largely  or  solely  greenalite,  it  does 
not  seem  necessary  to  suppose  that  all  or  any  alteration  of  such  granules  took 
place  after  the  final  consolidation  of  the  iron-formation.     It  is  concluded  that 
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the  grej  granule-bearing  strata  that  form  the  prominent,  continuous  zones  in  th3 
Upper  Division  and  are  uniformly  deficient  in  greenalite  and  low  in  iron  oxides, 
may  have  received  their  present  mineral  composition  prior  to  the  final  consolida- 
tion of  the  iron-formation. 

The  mode  of  occurrence  of  greenalite  has  been  partly  referred  to  in  thd 
preceding  discussion.  The  mineral  occurs  forming  the  whole  of  granules  and 
also  in  shred-like  forms  in  siliceous  granules.  It  occurs,  too,  in  irregular  forms 
through  the  matrix  and  is  abundant  in  many  of  the  dense,  non-granule- 
bearing  rock  varieties.  In  many  cases  the  greenalite  appears  as  though  partly 
altered  to  or  replaced  by  hematite  or  magnetite.  In  many  cases  individual  areas 
of  iron  oxide  have  outlines  precisely  similar  to  those  of  aggregates  and  films  of 
greenalite,  as  th^  occur  in  granules  or  in  the  matrix  of  the  granule-bearing  and 
dense  rock  varieties.  Without  doubt  the  greenalite  has  been  replaced  in  a 
varying  degree  by  iron  oxides. 

In  many  of  the  dense  rocks,  a  green  mineral  is  very  abundant  and  is 
supposed  to  be  greenalite.  Possibly  this  mineral  has  been  wrongly  identified; 
it  may  be  a  hornblende.  It  occurs  in  matted  masses,  frequently  with  much 
carbonate.  It  also,  in  some  rocks,  forms  coarser,  granular  bands  enclosing 
clastic  grains,  or  occurs  in  ragged  grains  and  more  regular  plate-like  individu- 
als. Beds  of  these  dense  rocks  rich  in  the  green  mineral  may  be  recognized 
in  places  in  the  ferruginous  zones  of  the  Lower  Division,  interbedded  with  the 
granule-bearing  rock  types.  In  such  interbedded  layers,  the  green  mineral 
appears  to  have  been  largely  replaced  by  magnetite,  still  preserving  the  char- 
acteristic outlines  of  the  individual  aggregates  of  the  green  mineral. 

The  iron  oxides  almost  invariably  appear  to  be  secondary.  In  some  cases 
ihey  are  undoubtedly  a  direct  product  of  weathering,  as  in  the  case  of  the 
outer,  brownish,  presumably  limonitic,  weathered  zones  of  many  of  the  car- 
bonate-rich layers.  But  the  hematite  that  gives  the  red  colour  to  the  bulk 
of  the  strata  of  the  Lower  Division  does  not  seem  to  be  a  product  of  weather- 
ing confined  to  ^  shallow  zone;  instead,  it  seems  to  be  an  integral  part  of  the 
rock  which  developed  as  each  layer  formed,  or  relatively  soon  thereafter.  In 
the  dense  rocks,  the  hematite  is  for  the  most  part  dust-like.  In  some  cases  it 
is  so  abundant  that  thin  sections  of  the  rock  are  opaque.  No  evidence  was 
observed  that  indicated  whether  such  hematitic  matter  was  originally  deposited 
as  such,  or  has  been  derived  from  ferruginous  carbonate,  or  i)erhaps  from 
original  limonite. 

In  the  coarser,  granule-bearing  rocks  and  in  the  dark  grey,  dense-grained 
types,  magnetite  is  usually  as  abundant  as  hematite  and  often  greatly  prepon- 
derates. Some  dark,  granular  beds  are  very  largely  magnetite.  In  the  denser 
rocks  the  magnetite  is  disseminated  dust-like,  or  as  small,  irregular  grains,  or 
as  minute  octahedra  sometimes  grouped  in  small  aggregates.  In  the  coarser, 
granule-bearing  rocks,  the  magnetite  may  occur  only  as  thin  partial  rime  about 
or  in  irregular  aggregates  within  the  granules.  Examples  are  common  show- 
ing all  gradations  from  forms  such  as  these  to  others  solidly  composed  of  mag- 
netite. Examples  of  what  appear  to  be  various  stages  in  the  replacement  of 
grreenalite  and  of  the  siliceous  matrix  in  which  the  granules  lie,  are  common. 
H!ematite  also  shows  the  same  phenomena.  The  relation  of  the  hematite  to 
the  magnetite  does  not  seem  to  be  clearly  indicated.  It  is  not  apparent,  for 
instance,  why  in  an  outcrop  of  the  ferruginous  zone,  some  layers  should  be 
rich  iu  both  hematite  and  magnetite  whereas  other  layers  with  a  high  magnetite 
content  should  hold  little  or  no  hematite.  The  view  is  held  by  most  writers  who 
have  dealt  with  the  subject,  that  in  strata  such  as  compose  the  iron-formation, 
the  magnetite  content  is  not  original  but  has  been  derived  from  previously 
existing  hematite  or  limonite  or  other  iron-bearing  minerals.  Assuming  this 
view  to  be  correct  and  considering  the  frequent  intimate  association  of  the 
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magnetite  with  hematite,  and  that  both  minerals  hold  the  same  relations  tc 
the  other  rock  constituents,  it  seems  necessary  to  conclude  that  the  magnetite 
was  mainly  or  solely  derived  from  hematite.  The  hematite  may  have  been 
derived  from  limonite  in  whole  or  in  part,  but  in  either  case  most  if  not  all 
of  the  iron  oxide  appears  to  be  secondary  in  nature,  to  have  replaced  other 
minerals.  There  is  no  available  direct  proof  that  the  iron  oxide  did  not  develop 
long  after  the  laying  down  and  general  consolidation  of  the  iron-formation, 
but  certain  considerations  indicate  this  could  not  have  happened  and  that  the 
iron  oxide  developed  at  a  very  early  date. 

The  iron-formation  is  overlain  by  basaltic  flows  with  thin,  discontinuoua 
shale  partings.  Sills  of  diabase,  mineralogically  similar  to  the  baaalt,  intrude 
the  iron-formation  and  underlying  strata.  These  sills  are  not  older  than  the 
flows.  They  may  be  of  about  the  same  age  or  considerably  younger.  In  any 
case  the  iron-formation  appears  to  have  been  sealed  below  a  series  of  volcanic 
flows  which,  apparently,  were  submarine,  and  formed  immediately  after  the 
deposition  of  the  iron-formation.  So  long  as  the  iron-formation  remained 
buried  beneath  the  overlying  basaltic  cover,  which  may  have  been  augmented 
by  considerable  thicknesses  of  younger  formations  since  entirely  removed,  it 
is  scarcely  possible  that  any  notable  formation  of  iron  oxides  could  have  taken 
place.  If  any  limonite  or  hematite  had  formed  previously  it  is  conceivable  that 
during  the  volcanic  period  some  or  much  of  it  might  ohange  to  magnetite. 
Such  a  change  might  also  take  place  while  the  iron-formation  remained 
covered  or  as  long  as  any  part  of  the  ferruginous  portions  were  deeply  buried. 
There  is  no  evidence  of  the  strata  having  been  affected  by  more  than  one  gen- 
eral period  of  igneous  activity.  There  is  evidence  of  only  one  period  of  dynamic 
stress,  namely,  that  interval  when  the  strata  were  thrown  into  the  broad,  open 
folds  now  so  clearly  revealed.  Subsequently  erosion  uncovered  the  iron-forma- 
tion along  the  axes  of  the  major  anticlines.  Since  then  no  recognized  process 
capable  of  producing  magnetite  has  been  operative  at  or  near  tlie  surface.  It 
seems,  therefore,  that  the  magnetite  so  abundantly  developed  must  have  formed 
while  the  strata  were  deeply  buried,  or  still  earlier. 

The  hematite  so  abundantly  associated  with  the  magnetite  might  be  con- 
ceived as  being  secondary  after  magnetite,  to  have  formed  from  it  by  the 
action  of  normal  weathering  agencies  and  surface  waters  after  the  strata  were 
exposed  by  erosion.  Some  small  portion  may  have  been  produced  in  this 
fashion,  but  it  is  improbable  that  the  great  bulk  could  'have  so  formed.  At 
present  the  iron-formation  outcrops  as  narrow  bands  on  the  8loi>e9  or  at  the 
foot  of  basalt-capped  ridges  beneath  which  the  measures  dip.  The  exposed 
width  of  the  iron-formation  is  rarely  more  than  150  yards,  and  this  narrow 
outcrop  very  nearly  expresses  the  width  of  the  catchment  basin  for  surface 
water,  some  portion  of  which  might  And  its  way  undergpround  along  the  strata 
of  the  iron-formation.  At  present,  therefore,  the  amount  of  water  that  finds 
its  way  underground  is  insignificant,  and  the  rocks  at  the  surface — save  for  an 
oxidized  film  and  the  thin  limonitic  outer  zone  of  some  of  the  carbcmate  beds 
— are  unweathered.  Past  climatic  conditions  may  have  been  more  conducive 
to  surface  weatherii^,  but  there  is  nothing  to  indicate  that  the  present  land 
forms  are  descendants  of  others  that  would  have  afforded  larger  water  &Yieds 
to  supply  surface  waters  to  the  outcrops  of  the  iron-formation.  It  is  almost 
certain  that  the  iron-formation  was  never  exposed  except  as  a  narrow  selvage 
along  basalt-capped  slopes.  It  thus  seems  that  the  conditions  always  were  such 
that  only  a  very  insignificant  amount  of  surface  water  was  available  to  find  its 
way  underground  through  the  iron-formation.  It  also  seems  fairly  certain 
that,  even  granting  a  large  supply  of  surface  water,  the  underground  circula- 
tion would  not  be  vigorous,  for  the  iron-formation  everywhere  dips  downwards 
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under  an  impervious  cover  consisting  of  a  diabase  sill  overlain  by  basaltic 
flows  interleaved  with  thin,  discontinuous  beds  of  shale.  Furthermore,  the 
rocks  of  the  iron-formation  are  not  now,  and  give  no  indication  of  ever  having 
been,  permeable  to  water  except  along  parting  planes. 

Thus  various  independent  lines  of  reasoning  unite  in  indicating  that  the 
present  content  of  iron  oxides  is  not  a  product  of  superficial  changes  that  took 
place  after  tjie  iron-formation  was  uncovered  by  erosion,  but,  instead,  resulted 
from  processes  in  action  at  the  time  of  deposition  of  the  beds  or  shortly  there- 
after. 

The  foregoing  account  is  mainly  directed  to  offering  explanations  of  various 
secondary  characters  of  the  strata.  It  does  not  seem  that  any  facts  were 
observed  that  definitely  indicate  what  was  the  ultimate  source  of  the  non- 
clastic  content  of  the  iron-formation,  how  it  was  transported,  or  how  its  depo- 
sition was  brought  about.  It  may  be,  as  Leith  has  suggested,^  "  that  the  essen- 
tial requisite  for  the  deposition  of  the  iron-formation  '.  .  .  was  the  event 
of  great  masses  of  basic  lavas  carrying  excess  of  iron  salts,  contributing  the 
iron  salts  in  unusual  amounts  to  the  shallow  waters,  which  disposed  of  them 
as  best  they  could  while  handling  the  ordinary  fragmental  and  chemical  sedi- 
ments." On  the  other  hand  Grout  and  Broderick,^  in  discussing  the  origin  of 
the  iron-formation  of  the  Mesabi  district  make  statements  that  seem  equally 
applicable  to  the  iron-formation  of  Belcher  islands.  These  authors  state  that 
in  the  strata  "  there  are  hundreds  of  alternations.  .  .  .  Rhythmic  sedi- 
mentation is  in  some  cases  due  to  a  rhythmic  supply  of  different  materials. 
.  .  .  If  the  material  had  been  derived  from  volcanic  sources  ...  it 
seems  improbable  that  these  supplies  would  alternate  as  many  times  as  the 
sediments  indicate.  It  is  unlikely  that  there  were  so  many  successive  flows. 
Volcanic  rhythms  should  produce  alternations  on  a  large  scale.  Furthermore, 
climatic  rhythms  are  also  larger  features.  The  detailed  alternation  of  beds 
from  A-inch  to  6  inches  thick  is  more  likely  attributable  to  seasonal  or  other 
occasional  changes  in  conditions.  These  changes  would  affect  a  chemically 
depositing  sediment  only  if  in  shallow  water."  As  regards  the  nature  of  the 
solutions  contributing  the  materials  to  these  shallow  waters,  these  same  authors 
write:  "The  solution  of  silica  may  have  been  facilitated  by  the  presence  of 
alkalies;  that  of  iron  would  be  more  likely  in  the  presence  of  acids.  If  car- 
bonate minerals  were  more  abundant  (as  in  some  other  ranges)  an  alkaline 
bi-carbonate  solution  might  be  suggested  as  the  most  probable  combined  solvent. 
This  kind  of  solution  is  known  to  have  had  an  igneous  origin  in  some  plaees." 


iLeith,  C.  K.,  "An  Algonkian  Basin  in  Hudson  Bay.  etc./'  £k:on.  Geol.,  vol.  5,  p.  243, 
1910. 

*Qrout.  F.  P.,  and  Broderick,  T.  M.,  "  The  Magnetite  Deposits  of  the  Eastern  Mesabi 
Range,  Minnesota/'  Minn.  QeoL  Surv.,  Bull.  No.  17,  pp.  40-47,  1919. 
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CHAPTEB  IV 
ECONOMIC  GEOLOGY 

Iron-Formation  Occurrences 

The  most  westerly  investigated  outcrops  of  the  iron-formation  on  Belcher 
islands  occur  on  Flaherty  island  (Figure  3)  in  a  band  that  is  probably  nowhere 
more  than  500  yards  wide.  This  band  runs  southerly  from  the  northeast  shore 
of  the  ifiland  to  and  along  the  east  side  of  Kasegalik  lake.  Only  the  south  end 
of  this  band  was  examined,  but  iron-formation  has  been  reported  to  occur  on 
the  northeast  coast,  and  distant  views  from  near  the  head  of  Kasegalik  lake 
unmistakably  indicated  that  the  strata  continue  northward  along  a  nearly 
straight  course  probably  to  the  reported  outcrops  on  the  northeast  shore.  The 
length  of  this  band  is  16  miles  or  more. 

The  northern  part,  so  far  as  known,  is  largely  drift  covered,  but  in  the 
last  7  miles  to  the  south,  commencing  about  opposite  the  head  of  Kasegalik 
lake,  outcrops  are  not  so  rare.  Finally,  along  the  sides  of  a  narrow  easterly- 
intruding  bay  and  for  a  mile  south  of  this,  the  strata  are  comparatively  well 
exposed.  Along  the  east  side  of  the  lake  the  land  rises  quickly,  in  places  pre- 
cipitously, for  about  200  feet  to  the  edge  of  an  upland.  This  upland  is  in  part 
fairly  level,  in  part  much  broken,  and  extends  easterly  to  the  shores  of  Kipalu 
inlet,  or  in  the  north  to  the  northeast  coast  of  Flaherty  island.  It  is  composed 
of  the  volcanic  rocks,  from  beneath  which  on  the  west  side  the  iron-formation 
outcrops  along  the  slopes  facing  Kasegalik  lake  and  along  the  sides  of  the 
valley  that  runs  northward  from  the  head  of  the  lake.  On  the  east  side  of  the 
upland  the  strata  reappear  on  the  west  shore  of  Kipalu  inlet.  The  strata  are 
nearly  flat-lying,  but  on  the  whole  slope  gently  to  the  east  on  the  Kasegalik 
Lake  slopes.  The  general  structure  is  clearly  expressed  along  the  shores  of 
the  narrow,  easterly-extending  bay  of  the  lake  already  referred  to  and  along 
the  low  valley  which  extends  east  from  the  head  of  this  bay  to  the  shores  of 
Kipalu  inlet  In  this  stretch  of  about  2  miles  the  iron-formation  is  continu- 
ously exposed  along  the  lower  slopes  up  to  the  foot  of  cliffs  of  the  overlying 
volcanics.  At  the  west  entrance,  the  contact  of  the  iron-formation  with  the 
cover  of  volcanic  rocks  lies  about  220  feet  above  sea-level.  Eastward  it  sinks 
to  as  low  an  elevation  as  60  feet  and  then  rises  to  a  heigbt  of  180  feet  on  the 
slopes  facing  Kipalu  inlet.  Along  this  line  of  section  the  beds,  therefore,  lie 
in  a  very  shallow  trough  and  doubtless  this  is  the  general  structure  of  the  whole 
of  the  upland  area  that  lies  between  the  valley  of  Kasegalik  lake  and  Kipalu 
inlet  and  extends  southward  for  some  60  miles  from  the  northeast  coast  of 
Flaherty  island  to  the  entrance  of  Kipalu  inlet.  But  minor  undulations 
affecting  the  strata  and  a  general  southerly  slope  of  the  whole,  cause  the  iron- 
formation  to  sink  below  lake  level  a  short  distance  south  of  the  above-mentioned 
narrow  bay.  It  is  not  known  whether  farther  south  the  iron-formation  again 
rises  above  the  lake  level.  For  several  miles  at  least,  the  volcanics  outcrop 
along  the  shore  and  20  miles  to  the  south  they  were  seen  again  rising  directly 
from  the  water-level.  If  anywhere  in  this  interval  the  iron-formation  does 
come  to  the  surface  the  probabilities  are  that  only  the  upper  part  rises  above 
the  water-level  and  does  not  remain  long  exposed. 

On  the  east  side  of  the  trough,  that  is  along  the  western  side  of  Kipalu 
inlet,  the  iron-formation  outcrops  at  intervals  for  85  miles  to  near  the  south 
entrance  to  the  inlet.     In  places  only  the  upper  beds  of  the  iron-formation 
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rise  above  sea-level  for  distances  of  a  few  hundred  yards,  but  at  several 
places  the  whole  formation  may  lie  above  sea-level  though  it  is  almost  wholly 
covered  by  drift.  At  one  locality  in  the  south  the  strata  dip  at  an  Ungle  of 
70  d^rees.  Northward  the  beds  are  lees  steeply  inclined  and  near  the  head 
of  the  inlet  where  exposed  for  the  last  time  on  the  west  shore,  they  dip  gently 
westward. 

The  iron-formation  undoubtedly  xmderlies  all  of  the  ridge  of  volcanics 
between  K-asegalik  Lake  valley  and  Kipalu  inlet.  In  places  this  ridge  is  only 
half  a  mile  wide,  but  in  the  north  it  is  perhaps  10  miles  broad.  This  ridge  is 
estimated  to  occupy  125  square  miles  and  consiets  of  volcanic  rocks  resting 
on  and  concealing  the  iron-formation  which,  as  already  explained,  is  only  inter- 
mittently exposed  along  the  eastern  and  western  sides.  These  volcanic  rocks 
are  in  places  at  least  200  feet  thick  and  in  some  localities  are  presumably 
much  thicker. 

Nowhere  along  the  edges  of  this  area  ie  the  full  thickness  of  the  iron- 
formation  known  to  be  exposed.  Either  the  lower  part  lies  below  sea-  or  lake- 
level  or  it  is  concealed  by  drift.  In  the  north,  the  upper  part  is  well  exposed 
along  the  east  shore  of  Kipalu  inlet,  along  the  sides  of  the  short  depression 
that  runs  west  from  the  inlet  to  Kasegalik  lake,  and  for  short  distances  north 
and  south  along  the  lake.  In  all,  the  upper  part  of  the  formation  is  clearly 
exposed  over  a  length  of  outcrop  of  about  5  miles  and  everywhere  has  the  same 
general  expression.  The  upper  120  feet  to  150  feet  consists  of  three  members 
of  which  the  upper  and  lower  give  no  indication  whatever  of  grading  into  or 
carrying  iron  ore-bodies.  The  middle  member,  about  25  feet  thick,  is  a  finely 
granular  rock  type  such  ae  in  the  Mesabi  iron  range  is  believed  to  have  been 
in  places  altered  into  iron  ores.  It  is  essentially  what  is  called  taconite  or 
ferruginous  chert.  It  is  everywhere  a  greyish,  highly  siliceous  rock  and  is  not 
now  high  in  iron  whatever  its  original  composition  may  have  been. 

At  an  horizon  120  feet  to  150  feet  below  the  summit  of  the  formation  lies 
a  ferruginous  zone  at  least  40  or  50  feet  thick.  On  the  Kasegalik  Lake  side 
this  is  the  lowest  stratum  exposed,  the  remaining  lower  part  of  the  formation 
being  either  drift-covered  or  below  lake-level.  On  the  Kipalu  Inlet  side,  about 
60  feet  of  strata  appear  from  beneath  the  ferruginous  zone.  These  lower  beds 
are  fine  grained  and  give  no  indication  of  grading  into  iron  ore.  The  ferru- 
ginous zone  is  exposed  at  intervals  along  Kipalu  inlet  for  2,400  yards.  It  lies 
below  sea-level  along  the  depression  leading  west  to  the  bay  on  Kasegalik  lake, 
but  reappears  on  the  south  side  of  this  bay  and  is  exposed  at  intervals  for  2,500 
yards.  It  does  not  outcrop  on  the  north  side  of  the  bay,  being  beneath  lake- 
level  or  else  drift  covered.  North  of  the  mouth  of  the  bay,  it  outcrops  at  wide 
intervals  over  a  length  of  about  2  miles.  Wherever  it  appears,  the  ferruginous 
zone  has  the  same  general  character.  It  is  composed  of  distinct  beds,  some  black 
and  largely  of  magnetite,  others  of  varying  shades  of  red  and  purple  that  carry 
both  magnetite  and  hematite  in  various  proportions  and  amounts.  Some  of  the 
layers  are  veiy  fine  grained,  but  most  are  distinctly  granular  and  resemble  typef* 
such  as  yield  ore-bodies  in  the  Afesabi  district.  Interleaved  with  these  measures 
are  thin,  discontinuous,  irregular  layers  with  a  very  low  iron  content  and  so 
abundant  that  in  faces  15  to  20  feet  thick,  these  form  one-fifth*  of  the  total 
volume. 

Four  samples  of  different  thicknesses  of  the  ferruginous  zone  were  taken 
and  submitted  to  the  Mines  Branch  for  analysis.  The  results  obtained  are 
given  in  the  following  table.  Analysis  No.  1  is  of  a  sample  representing  a 
thickness  of  2  feet  of  black,  magnetite-rich  beds  at  the  top  of  the  ferruginous 
zone.  Analysis  No.  2  is  of  a  sample  from  a  thickness  of  11  feet  immediately 
below  the  black,  2-foot  layer,  both    being    from    exposures    on  thp  shores  of 
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Kipalu  inlet,  on  mining  location  No.  13.  Analyws  No.  3  represents  a  thick- 
neas  of  12  feet  of  the  strata  on  the  same  mining  location,  commencing  6  feet 
below  the  top  of  the  zone  and  extending  downwards.  Analysis  No.  4  r^re- 
sents  a  thickness  of  15  feet  of  the  strata  on  mining  location  No.  20,  Easegalik 
lake,  20  feet  below  the  top  of  the  zone  and  extending  downwards. 


FeiOi 

FeO 

Metallic  iron 

SiOt 

CaO 

MgO 

Mn 

TiOt 

S 

P 


41-41 

29-92 

52-26 

23-96 

0  36 

1-00 

0-64 

0-04 

0-104 

0093 


42-30 

19-74 

44-96 

32-52 

0-40 

1-54 

0-64 

0-10 

0048 

0072 


43-50 

11-12 

39- 10 

38-60 

0-64 

1-61 

0  34 

0-06 

0  012 

0  060 


45-10 
4  95 
35  42 
46-48 
0  34 
1-37 
0-24 
0-06 
0012 
0089 


The  material  represented  by  analysis  No.  1  is  exceptional  since  it  occurs 
only  aporadically  at  the  top  of  the  ferruginous  zone.  The  beds  represented  by 
the  remaining  three  analyses  are  not  commercial  iron  ore,  for  not  only  is  the 
iron  content  low,  ranging  from  35  per  cent  to  45  per  cent,  but  silica  is  very 
high,  varying  between  46  per  cent  and  32  per  cent.  It  would  be  possible  to 
improve  the  grade  by  removing  the  more  highly  siliceous  layers  by  hand-pick- 
ing, but  though  this  in  the  case  of  the  11  feet  of  strata  represented  by  analysis 
No.  2  might  increase  the  iron  content  from  about  45  per  cent  to  54  per  cent, 
it  would  not  reduce  the  silica  content  by  more  than  12  per  cent,  from  32-5 
per  cent  to  20  per  cent.  It  is  questionable  if  it  would  be  poasible  to  remove 
the  siliceous  layers  except  at  a  prohibitive  cost  These  layers  are  discon- 
tinuous, vary  in  thickness  from  a  fraction  of  an  inch  up  to  6  inches,  are  tightly 
welded  to  the  enclosing  strata,  and  in  places  constitute  as  much  as  one-fifth 
of  the  total  volume. 

This  ferruginous  zone,  however  it  may  have  formed,  now  appears  as  a 
continuous  layer.  Its  ferruginous  character  is  not  accidental,  but  is  due  to 
the  i)eculiar  mineralogical  and  textural  characters  of  the  strata.  These  char- 
acters are  not  shared  by  the  bulk  of  the  associated  strata,  which  give  no  indi- 
cations of  passing  into  ore.  Any  ore  deposits  that  may  exist  must,  in  aB 
probability,  occur  in  connexion  with  this  ferruginous  zone  or  with  any  similar 
zones  that  may  occur  in  the  underlying  part,  or  in  the  overlying  part,  as  in  the 
case  of  the  25-foot  grey  layer  already  mentioned. 

The  next  band  of  iron-formation  to  the  east  outcrops  on  the  east  side  of 
Kipalu  inlet,  Flaherty  island  (Figure  3).  Commencing  on  the  shore  of  the 
tidal  basin  at  the  head  of  the  inlet,  the  band  runs  slightly  west  of  south  for 
10  miles  before  it  again  approaches  the  shore  and  passes  below  sea-level.  The 
lower  and  upper  boundaries  of  the  band  are  closely  defined  in  most  places,  and 
its  width,  depending  on  the  inclination  of  the  strata,  varies  between  80  yards 
and  160  yards.  Between  where  it  disappears  below  the  sea  at  both  ends,  it 
ranges  from  80  feet  to  160  feet  above  sea  and  outcrops  on  the  west  face  of  a 
narrow  ridge  surmounted  by  volcanic  rocks.  The  beds  dip  between  46  degrees 
and  55  degrees  to  the  east.  The  total  thickness  varies  from  820  feet  to  per- 
haps as  much  as  400  feet.  Though  the  upper  and  lower  boundaries  of  the 
band  are  mostly  closely  defined  by  outcrops  of  the  overlying  and  underlying 
strata,  the  iron-formation  itself  is  largely  covered  by  a  thin  mantle  of  drift. 
In  the  north  and  the  south  exposures  are  more  frequent  than  elsewhere  and 
indicate  that  the  formation  has  developed  in  much  the  same  way  as  the  band 
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4  miles  to  the  west  on  the  apposite  side  of  Etipalu  inlet.  These  two  bands  occur 
on  the  limbe  of  an  arch  or  fold  whose  axis  runs  north  and  south  along  Kipala 
inlets  and  if  no  rupture  has  occurred  along  the  central  part  of  the  fold  thiiey 
must  curve  towards  one  another  and  unite  at  the  head  of  the  tidal  basin  at 
the  north  end  of  the  inlet  The  projected  course  of  the  greater  part  of  the 
western  band  and  the  extreme  north  end  of  the  eastern  band  lie,  however,  in 
a  low  area  without  rock  exposures  and  it  is  not  possible  to  determine  the  pre- 
cise nature  of  lihe  geological  structure. 

In  the  band  on  the  east  side  of  the  inlet,  the  iron-formation  appears  to 
be  composed  of  two  divisions,  as  in  the  western  area.  The  upper  division  is 
about  70  feet  thick,  and  is  divided  into  three  members  of  which  the  middle 
member  is,  as  in  the  west,  a  grey,  siliceous  taconite.  The  lower  division  is 
about  250  feet  thick  and  in  it  two  ferruginous  zones,  10  to  20  feet  thick,  occur 
at  horizons  between  170  and  215  feet  above  the  base  of  the  formation.  These 
relatively  iron-rich  zones  closely  resemble  the  40  to  50-foot  zone  found  on  the 
west  shore  of  the  inlet  and  in  the  Kasegalik  Lake  area.  Lower  down  in  the 
formation,  in  the  lower  100  feet,  there  are  thinner  ferruginous  zones  and  bands 
of  the  grey  siliceous  taconite.  The  whole  formation  is  ferruginous,  but  only 
in  the  case  of  the  thinner  ferruginous  zones  in  the  lower  100  feet  and  the  two 
thicker  zones  -lying  between  170  feet  and  215  feet  above  the  base  of  the  for- 
mation where  liie  strata  have  the  general  character  of  taconite,  do  the  beds 
even  approximate  an  iron  ore.  The  rest  of  the  strata  are  either  dense  rocks 
or  lean,  siliceous  taconite.  The  different  varieties  of  rocks  appear  to  be 
grouped  in  zones  each  traceable  over  the  whole  10-mile  length  of  the  band. 

The  eastern  side  of  Kipalu  inlet  is  a  narrow  peninsula  chiefly  of  volcanic 
rocks  sloping  to  the  eastward.  The  peninsula  continues  southward  for  30  miles 
beyond  the  southern  termination  of  the  above-mentioned  10-mile  band  of  iron- 
formation.  Along  this  30-mile  stretch  the  shoreline  is  nearly  straight  and  the 
volcanics  rise  sfteeply  from  the  water's  edge  except  in  three  places  where,  in 
each  case  for  several  miles,  westward  projections  of  the  land  bring  the  iron- 
formation  and  underlying  measures  above  sea-level.  These  three  areas  were 
not  examined,  but  as  seen  in  passing  in  a  boat  the  impression  was  obtained 
that  the  iron-formation  ie  very  largely  drift  covered,  except  perhaps  the  upper- 
naost  part.  The  peninsula  is  continued  southward  for  12  to  15  miles  by  one 
or  more  low-lying  islands  of  the  volcanic  rocks,  but  there  is  no  reason  for  sup- 
posing that  in  this  direction  the  iron-formation  again  appears  above  sea-level. 

The  volcanic  rocks  and  the  imderlying  iron-formation  on  the  peninsula 
forming  the  east  side  of  Eipalu  inlet  dip  steeply  to  the  east  and  pass  under 
Omaralluk  sound,  a  body  of  water  6  to  8  miles  broad.  On  the  east  side  of  the 
sound,  the  volcanic  rocks  reappear,  dipping  to  the  west  and  rising  in  a  narrow, 
discontinuous  ridge  on  whose  eastern  slopes  the  underlying  iron-formation  is 
exposed.  In  the  north  this  interrupted  ridge  of  volcanic  rocke  is  represented 
by  a  line  of  narrow  islands  paralleling  Tukarak  island  and  close  to  the  southern 
part  of  its  west  coast;  in  the  south  it  forms  a  ridge  one-quarter  to  one-half 
mile  wide  along  the  western  coast  of  Innetalling  island;  and  farther  south  it 
forms  a  long,  slender  island  and  several  smaller  islands  to  the  south.  The 
extreme  length  of  this  partly  submerged  narrow  ridge  is  above  40  miles  and 
doubtless  everywhere  the  westward-sloping  volcanics  are  underlain  by  the  iron- 
formation,  but  only  on  Innetalling  island  and  on  some  of  the  small  islands  to 
the  north,  over  a  length  of  some  30  miles,  does  the  iron-formation  lie  above 
sea-level.  In  the  northern  islands,  the  outcrops  of  the  iron-formatiwi  are 
mainly  limited  to  the  upper  part  of  the  formation.  On  Innetalling  island, 
except  in  the  extreme  north,  the  strata  are  almost  wholly  drift  covered  and 
were  not  examined.     In  the  north  part  of  the  island,  where  the  strata  were 
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examined  over  a  length  of  7  miles,  the  upper  part  of  lie  formation  is  fairly 
well  exposed,  but  the  lower  part  is  everywhere  concealed.  The  strata  in  the 
north  are  Tertical,  but  proceeding  southward  dip  to  the  west  at  progressively 
lower  angles  to  46  degrees.  Of  the  exposed  part,  the  upper  200  feet  consist 
of  alternations  of  thick  zones  of  lean,  grey,  siliceous  taconite  and  thinner  zones 
of  dark  dense  strata.  Beneath  these  beds  and  traceable  for  several  miles  in 
the  north  part  is  a  ferruginous  zone  about  30  feet  thick  that  is  comparable  in 
every  way  to  iiie  ferruginous  zone  of  the  Kasegalik  area.  A  sample  taken 
across  a  thickness  of  24  feet  of  this  zone  was  submitted  to  the  Mines  Braneh 
for  analysis  and  gave  the  following  results : 

Fe203 50  79 

PeO 3  05 

MetaUlc  Iron 87  80 

Si02 4212 

CaO 0-50 

MgO 1-44 

Mn 0-35 

Ti02 0  08 

S 004 

P 0032 

A  somewhat  similar  ferruginous  zone,  15  feet  thick,  occurs  lower  in  the 
formation,  280  feet  below  the  top.  This  second  horizon  is  exposed  only  in 
one  limited  area ;  elsewhere  it  and  all  lower  beds  are  drift  covered. 

The  band  of  iron-formation  and  overlying  volcanics  just  referred  to,  occurs 
on  the  west  limb  of  a  long  fold.  The  easternmost  band  of  the  iron-formation 
occurs  on  the  east  limb  of  this  fold  on  the  opposite,  eastern  side  of  a  low- 
lying  area  that  occupies  the  axial  portion  of  the  fold.  This  eastern  band  was 
examined  only  on  the  northern  part  of  Innetalling  island  and  the  southern 
half  of  Tukarak  island,  but  there  is  every  reason  to  believe  that  it  extends 
almost  the  full  length  of  these  two  islands,  a  distance  of  about  60  miles, 
including  a  water-covered  interval  of  12  miles  between  the  two  islands.  The 
iron-formation  outcrops  on  the  western  slopes  of  a  discontinuous  ridge  about 
half  a  mile  wide  that  extends  to  the  sea  coast.  The  iron-formation  dips  east- 
ward under  the  volcanic  rocks  at  angles  varying  from  place  to  place  between 
10  degrees  and  35  degrees.  On  the  southern  part  of  Innetalling  island  only  a 
narrow  valley  a  few  hundred  yards  wide  separates  this  easternmost  band  of 
the  iron-formation  from  the  previously  mentioned  band  of  the  western  side  of 
the  island  and  in  places  the  lower  beds  of  the  formation  may  extend  across  the 
valley.  Along  the  sides  of  this  valley  outcrops  are  rare  and,  so  far  as  known, 
none  occurs  in  the  bottom.  Northward  the  valley  widens  and  exposures  are 
more  frequent.  In  this  direction  the  strata  rise  from  the  shores  of  a  south- 
ward-extending bay  and  a  tidal  basin  at  its  head.  In  places  along  this  part  of 
the  band,  the  full  thickness  of  the  iron-formation  of  about  450  feet  lies  above 
sea-level.  Owing,  however,  to  minor  folds  in  the  strata,  the  iron-formation  in 
places  partly  or  wholly  sinks  below  sea-level.  At  the  north  end  of  the  island, 
the  apparent  thickness  of  the  formation  is  increased  by  a  sheet-like  body  of 
igneous  rock.  On  Tukarak  island,  the  iron-formation  is  poorly  exposed  and 
in  places  the  drift-covering  is  thick.  The  boundaries  with  the  overlying  and 
underlying  strata  are  usually  closely  indicated,  but  for  stretches  of  a  mile  or 
more  there  is  scarcely  a  single  outcrop  of  the  iron-formation. 

On  Innetalling  island,  at  the  north  end,  the  iron-formation  band  was 
examined  for  a  length  of  8  miles.  The  lowermost  and  uppermost  beds  are 
well  exposed  in  places,  but  the  middle  part  of  the  strata  is  poorly  ^^posed. 
The  total  thickness  is  about  450  feet;  of  this,  the  upper  200  feet  corresponds 
with  the  strata  of  the  band  to  the  west  and  consists  of  heavy  bands  of  grey 
siliceous  taconite  with  thinner  separating  zones  of  dense  dark  strata.     Below 


Digitized  by 


Google 


53  E 

these  k  a  thick  ferruginous  zone,  the  counterpart  of  that  exposed  in  the  nearhy 
west  band.  Towards  the  base  of  the  fonnation  there  is  a  thinner,  less  ferni- 
ginoufi,  but  otherwise  similar,  zone  and  one  or  more  additional  zones  may 
occur  higher  up.  The  remaining  strata,  though  in  part  red  from  the  presence 
of  comparatively  abundant  iron  oxides,  are  dense  and  give  no  indication  of 
grading  into  even  low-grade  iron  ore. 

On  Tukarak  island,  the  iron-formation  was  examined  in  two  localities 
wlhere  it  is  locally  partly  exposed.  One  locality  ie  about  a  mile  south  of  Laddie 
harbour  and  the  other  6  miles  farther  north.  At  both  places  the  formation 
was  found  to  be  370  feet  thick  and  to  present  the  same  general  succession.  In 
the  northern  section  a  ferruginoue  zone  commences  about  25  feet  below  the 
top  of  the  formation  and  extends  downwards  for  a  thickness  of  40  feet.  The 
counterpart  of  this  «one,  only  partly  exposed,  occurs  in  the  southern  section 
and  on  the  south  shore  of  Laddie  harbour.  The  rocks  of  this  zone  are  unlike 
those  of  the  ferruginous  zones  of  the  other  districts.  They  are  not  taoonites, 
but  consist  chiefly  of  iron  oxides  and  minute,  clastic  grains  of  quartz  and 
,  feldspar.  Lower  down  in  the  strata  of  the  northern  section,  at  an  horizon 
about  100  feet  above  the  base,  is  a  still  lower-grade  ferruginous  zone  of  the 
more  usual  type.  The  two  zones  possibly  extend  continuously  along  at  least 
the  southern  half  of  the  band.  The  rest  of  the  strata  in  the  two  areas  where 
exposures  are  at  all  numerous,  give  no  indication  of  grading  into  iron  ore. 
The  extent  and  character  of  the  band  on  the  north  part  of  Innet^lling  island 
are -quite  unknown. 

Iron-formation  has  been  reported  to  occur  on  the  large  island  weet  of  Fla- 
herty island  where  dark  rocks  of  the  upper  part  of  the  formation  are  said  to 
rise  from  the  water's  edge.  Possibly  the  iron-formation  also  occurs  in  the 
soutihern  part  of  Flaherty  island  west  of  Kipalu  inlet,  for  strata  that  underlie 
the  iron-formation  are  known  to  outcrop  west  of  the  head  of  Kasegalik  lake. 
The  overlying  volcanics  outcrop  east  of  this  al^ng  the  west  side  of  Kipalu 
inlet  and,  therefore,  somewhere  between  these  two  areas  the  intervening  iron- 
formation  must  vy)me  to  the  surface  unless  it  is  drift  covered  or  unless  a  fault 
occurs  along  the  west  margin  of  the  volcanic-covered  area.  Since  it  is  reported 
that  dark  rocks  like  the  overlying  volcanics  form  the  southern  part  of  Flaherty 
island  the  strata  are  probably  not  faulted  and  an  undiscovered  band  of  the 
iron-formation  is  probably  developed  in  this  extensive  area. 

General  Considerations 

Character  and  Distribution  of  the  Iron-formation,  The  iron-formation  on 
Belcher  islands  is  of  a  type  that  in  the  Mesabi  district  of  the  Lake  Superior 
region  contains  large  bodies  of  high-grade  iron  ore.  It  has  been  established 
that  these  ore-bodies  of  the  Mesabi  range  and  those  of  the  other  Lake  Superior 
iron  i*anges  are  secondary  concentrations  and  did  not  exist  when  the  enclosing 
strata  of  iron-formation  were  formed.  Orifrfnally  the  iron-formation  com- 
prised rocks  of  unusual  types  that  contained  much  iron  in  various  mineral 
forms;  but  too  low  grade  to  constitute  iron  ore.  Later  in  the  history  of  these 
rocks,  in  certain  localities,  surface  waters  entered  the  strata,  and  by  carrying 
away  some  constituents  in  solution  and  concentrating  and  redepositing  others, 
brought  about  the  formation  of  bodies  of  iron  ore.  One  almost  universal  char- 
acteristic of  this  type  of  ore-bodies  is  that  they  extend  to  the  surface  of  bed- 
rock, although  the  bedrock  may  be  covered  by  a  considerable  thickness  of  soil, 
sand,  gravel,  etc.  This  outcropping  is  a  natural  result  of  the  ore-bodies  having 
been  caused  by  surface  waters  entering  the  rocks  of  the  iron-formation  and 
changing  their  composition. 
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Since  the  iron-formation  of  Bekher  islands  is  of  the  same  general  type 
as  those  of  the  Lake  Superior  region  it  is  to  be  expected  that  if  any  bodies  of 
iron  ore  occur,  they  will  be  local  exceptional  developments  outcropping  at  the 
bedrock  8urfav3e  of  the  iron-formation,  though  perhaps  concealed  by  drift  It 
is  conceivable,  however,  that  the  iron -formation  on  Belcher  islands  may  con- 
tain beds  that  from  the  beginning  were  rich  in  iron  and  that  some  parts  of 
such  beds  were  sufficiently  rich  to  constitute  iron  ore-bodies.  Such  types  of 
iron  ore  deposits  occur  in  other  regions  and  it  is  characteristic  of  them  that 
the  iron-rich  beds  vary  from  place  to  place  in  quality  and  volume.  Since  the 
ferruginous  beds  and  any  local  parts  of  them  sufficiently  rich  to  be  considered 
iron  ore  were  formed  wihen  the  containing  strata  were  heing  laid  down,  the 
positions  of  the  ore-bodies  in  the  enclosing  rocks  is  in  no  way  connected  with 
the  manner  in  which  the  beds  now  may  be  exposed.  It  i«  a  matter  of  chance 
whether  the  part  or  parts  of  such  a  bed  entitled  to  be  considered  an  iron  ore 
deposit  appear  in  the  outcropping  portions  of  the  containing  iron-formation  or 
lie  concealed  in  some  part  of  the  formation  back  from  its  outcropping  edge. 

These  two  modes  of  occurrence  of  iron  ore,  (1)  as  local,  exceptional  bodies 
or  concentrations  formed  within  and  later  than  the  iron-formation  and  extend- 
ing downwards  from  the  present  bedrock  surface,  and  (2)  as  beds  formed 
within  and  contemporaneously  with  the  iron-formation  and  only  by  chance 
outcropping  at  the  present  bedrock  surface,  are  the  only  known  ways  applic- 
able to  the  iron-formation  of  Belcher  islands.  This  formation  varies  in  thick- 
ness between  300  feet  and  450  feet  and  is  formed  of  beds  of  rock  that  differ 
from  one  another  in  composition  and  appearance,  but  nearly  all  contain  much 
iron  in  various  mineral  forms.  No  beds  were  seen  of  sufficient  thickness  and 
quality  to  be  properly  called  iron  ore,  although  some  zones  up  to  50  feet  thick 
would,  in  all  probability,  assay  better  than  30  per  cent  metallic  iron^  The  beds 
composing  the  formation  were  deposited  in  a  body  of  water  and  were  laid 
down  on  one  another  in  horizontal  layers  of  varying  thicknesses.  In  some 
cases  they  extend  continuously  over  large  areas,  in  other  cases  they  are  more 
limited  in  extent.  After  some  hundreds  of  feet  of  such  beds  had  accumulated, 
they  were  covered  by  flows  of  volcanic  rock  and  into  them  in  some  places 
sheet-like  bodies  of  similar  rock  were  injected.  One  such  sheet  appears  every- 
where at  the  top  of  the  iron-formation  just  below  the  volcanic  flows.  At  some 
period  the  whole  group  of  rocks  was  bent  into  a  series  of  long,  broad  folds 
that  trend  north  and  south  and  are  affected  by  minor  folds  or  crumples.  Per- 
haps other  rocks  were  laid  down  on  the  volcanic  flows,  but  if  so  they  have  been 
swept  away  from  all  that  part  of  the  rocks  now  lying  above  sea-level. 

The  strata  eventually  were  raised  above  water-level.  In  the  course  of 
time  the  volcanic  rocks  were  eroded  in  places  along  the  crests  of  the  long, 
north-south  trending  folds,  and  long  valleys  were  thus  formed  revealing  on 
their  sides  and  floors  the  underlying  iron-formation  and  the  strata  on  which 
the  iron-formation  was  laid  down.  At  the  present  time,  the  resistant  volcanic 
rocks  stand  up  in  pairs  of  ridges  facing  one  another  across  the  axis  of  the  long 
folds;  along  the  inner  slopes,  or  at  the  foot  of  each  ridge,  the  iron-formation 
outcrops  in  a  narrow,  partly  drift-covered  band.  Away  from  these  long  val- 
leys, that  is,  in  the  troughs  of  the  folds,  the  volcanic  rocks  form  a  continuous 
sheet  that  rests  on  and  conceals  the  iron-formation. 

Principles  for  the  Prospecting  of  Iron  Ore  Deposits.  If  iron  ore-bodies 
developed  in  the  iron-formation  as  they  have  done  in  the  Lake  Superior  region, 
th^  will  occur  along  the  band-like  outcrops  of  the  formation.  If  some  parts 
of  some  of  the  iron -formation  beds  have  been  iron  ore  from  the  beginning  then 
some  of  these  richer,  ore-bearing  parts  may  chance  to  be  exposed  along  the 
same  narrow,  band-like  outcrops.     Prospecting  for  iron  ore-bodies  should  be 
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eystematically  planned  on  a  comparatively  large  scale  and  should  consist  of 
stripping  at  intervals  the  whole  width  of  the  bands  of  the  iron-formation  and 
carefully  measuring  and  classifying  the  strata  of  the  cross-cections  thus 
exposed.  By  comparing  the  thicknesses,  succession,  and  kinds  of  rock  found 
in  any  one  cross-section  with  the  same  features  as  found  in  the  nearest  cross- 
sections,  it  can  be  determined  whether  intermediate  lines  of  stripping  are 
required.  This  method  of  prospecting  is  applicable  because  the  iron-formation 
is  certainly  an  orderly  succession  of  groups  of  beds,  each  group  having  a 
general  character  which  it  maintains  for  long  distances.  Such  work  should 
precede  any  search  for  ore-bodies  by  diamond  drilling  at  localities  back  from 
the  outcropping  edge  of  the  iron-formation  because,  in  the  writer's  opinion,  the 
present  available  information  does  not  yet  give  a  clue  to  where  ore-bodies  are 
likely  to  occur  if  they  occur  at  all.  If,  however,  one  or  two  drill  holes-  were 
bored  in  the  area  between  the  heads  of  Kasegalik  lake  and  Kipalu  inlet,  well 
back  from  the  outcropping  edge  of  the  iron-formation,  they  would  definitely 
indicate  whether  the  ferruginous  zones  outcropping  m  this  general  district  are, 
as  in  the  Lake  Superior  region,  the  products  of  agents  of  change  acting  at  the 
surface  or  whether,  as  the  writer  believes,  they  were  always  as  they  now  are.  •  The 
iron-formation  can  be  examined  on  both  sides  of  this  volcanic-covered  area  and 
the  greatest  thickness  of  volcanic  rocks  to  be  bored  through  is  probably  not  above 
200  feet. 

Until  the  manner  of  formation  of  these  ferruginous  zones  has  been  deter- 
mined and  the  variation  of  the  iron-formation  along  its  outcrop  has  been 
worked  out,  it  would  seem  unwise  to  commence  drilling  for  ore  beneath  the  cover 
of  volcanic  rocks.  If  the  ferruginous  zones  are  original  features  and  some- 
where along  their  outcrop  grade  into  iron  ore,  the  systematic  study  of  suitably 
placed  cross-sections  of  the  strata  will  indicate  the  manner  in  which  these 
zones  vary  and  the  directions  along  which  they  grow  richer  or  poorer  in  their 
iron  content  and  thus  give  some  clue  to  the  position  of  areas  in  which  iron 
ore-bodies  may  occur.  Drilling  operations  planned  according  to  such  infor- 
mation would  yield  reasonably  definite  results  and  prove  the  presence  or 
absence  of  commercial  ore-bodies.  If,  on  the  other  hand,  the  ferruginous  zones 
represent  conditions  such  as  led  to  the  formation  of  ore-bodies  in  the  Lake 
Superior  iron  ranges,  it  is  equally  true  that  the  outcropping  edges  of  the  iron- 
formation  should  be  examined,  for  according  to  both  theory  and  experience  the 
enriched  deposits  should  outcrop  there.  Long  stretches  of  the  formation, 
that  are  wholly  or  largely  drift  covered,  should  be  tested,  for  if  ore-bodies 
exist  they  should  be  less  resistant  to  weathering  than  the  other  rocks  and  would 
tend  to  occur  in  recessed  areas  which  naturally  are  likely  to  be  drift  covered. 
In  places  this  covering  must  be  as  much  as  50  feet  thick,  but  in  most  parts  it 
probably  averages  less  than  10  feet. 

Possibilities  of  Secondary  Ore- concentration.  Unless  all  competent  authori- 
ties are  at  fault,  the  only  manner  in  which  secondary  ore-bodies  could  grow 
in  these  rocks  would  be  through  the  action  of  surface  waters.  This  action 
could  take  place  only  if  there  was  an  adequate,  long-continued  supply  of  such 
waters,  if  the  rocks  were  permeable,  and  if  the  general  structures  were  such 
that  the  underground  movement  of  the  waters  was  active  and  localized  bo  as 
to  abstract  certain  impurities  and  concentrate  the  iron  oxides.  It  is  by  no 
means  evident  that  these  necessary  conditions  now  prevail  on  Belcher  islands, 
or  that  they  ever  did  prevail,  except  possibly  at  some  period  so  remote  that 
any  ore-bodies  then  formed  have  since  been  destroyed. 

At  present  the  iron-formation  outcrops  in  narrow  bands  but  little  wider 
than  the  thickness  of  the  iron-formation — a  few  hundred  yards  at  most.  In 
every  case  the  outcrops  are  on  the  sides  or  at  the  foot  of  ridges  into  which  the 
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strata  dip  and  are  overlain  by  volcanic  rocke  which  form  the  upper  part  of  the 
slopes  and  the  tops  of  the  ridges.  The  amount  of  surface  water  now  available 
to  produce  any  changes  in  the  iron-formation  is  limited  to  that  which  falls  on 
the  outcrop  or  drains  from  the  surmounting  steep  face  of  the  overlying  vol- 
canics.  This  supply  is  trivial,  and  since  the  Glacial  period  it  has  produced 
practically  no  change.  Not  only  is  the  supply  of  surface  water  very  slight, 
but  the  rock  structures  are  not  favourable  to  a  vigorous  underground  water 
movement.  The  overlying  volcanics  with  their  slate  partings  form  an  almost 
impervious  capping  that  prevents  the  entry  or  exit  of  water  and  must  give 
rise  to  a  condition  of  stagnation  so  far  as  regards  any  water  that  may  have 
entered  the  iron-formation  by  way  of  its  narrow  outcrop. 

The  present  situation  is  unfavourable  to  the  development  of  ore-bodies 
through  the  concentrating  action  of  surface  waters  and  it  is  probable  that 
similar  conditions  prevailed  for  a  long  period  in  the  past  while  the  present 
land  forms  were  developing.  The  stages  through  whieh  the  land  forms  passed 
are  exemplified  on  Innetalling  island  where  a  valley  has  formed  along  the 
crest  of  one  of  the  long  folds  in  the  strata.  In  the  south  this  valley  is  only 
between  one-quarter  and  half  a  mile  in  width.  It  is  bounded  by  the  steep 
faces  of  two  parallel  ridges  whose  tops  are  composed  of  the  volcanic  rocks.  On 
the  opposite  slopes  of  the  valley,  the  iron-formation  outcrops  from  beneath  the 
volcanic  rocks.  Northward  on  the  island,  the  valley  widens  to  several  miles, 
but  the  iron- formation  etill  outcrops  as  two  narrow  bands,  one  on  each  side 
of  the  valley  at  the  foot  of,  or  along  the  steep  sides  of  the  slopes  of  the  bound- 
ing ridges  of  volcanic  rocks.  This  single  valley  illustrates  the  various  stages 
in  the  growth  of  all  the  other  valleys  or  depressions  along  the  sides  of  which 
the  iron-formation  at  any  stage  outcropped.  At  very  early  dates  in 
some  localities  the  iron-formation  may  have  outcropped  so  as  to  favour  the 
development  of  ore-bodies  by  surface  waters,  but  that  stage  has  long  since 
passed,  and  present  conditions  have  so  long  prevailed  that  any  ore-bodies  that 
might  have  been  formed  in  the  earlieet  stages  of  development  of  the  land 
forms  would  have  been  destroyed.  As  regards  the  formation  of  ore-bodies 
through  the  action  of  surface  waters,  three  general  types  of  structures  exist  on 
Belcher  islands.  The  most  common  structure  is  exemplified  along  the  eastern 
side  of  Kipalu  inlet  (Figure  3),  where  the  iron-formation  outcrops  along  the 
sides  and  foot  of  a  steep  ridge.  The  beds  dip  into  the  ridge  at  angles  generally 
above  30  degrees  and  pass  beneath  a  cover  of  volcanic  rocks.  In  a  distance 
of  one  mile  or  less  dovm  the  dip  the  covering  rocks  and  the  underlying  iron- 
formation  pass  below  the  sea.  In  a  few  places  where  the  iron-formation  out- 
crops near  the  top  of  the  ridge,  the  cover  may  not  be  very  thick,  but  in  most 
places  at  least  100  feet  of  volcanic  rocks,  in  places  twice  this  amount,  must 
overlie  the  iron-formation.  In  such  circumstances  it  is  difficult  to  conceive  of 
any  active  circulation  of  water  within  the  iron-formation. 

A  second  general  type  of  structure  is  developed  on  Innetalling  island  and 
so  far  as  known  only  there.  The  iron-formation  outcrops  on  the  two  sides  of 
a  long  narrow  valley.  The  beds  slope  in  opposite  directions  away  from  the 
centre  of  the  valley,  the  strata  exposed  being  on  the  two  sides  of  a  fold  and 
very  close  to  its  axis.  In  the  southern  part  of  the  island,  the  general  land- 
level  sinks,  and  it  may  be  that  in  some  places  the  iron-formation  forms  the 
rock  floor  of  the  valley  and  thus  is  preserved  on  the  very  crown  of  the 'fold. 
In  such  a  position,  if  anywhere,  the  surface  waters  should  be  capable  of  pro- 
ducing an  ore-body,  for  along  the  arch  of  the  fold  the  strata  are  likely  to  be 
fractured  and  permeable  to  water,  and  the  long,  narrow  valley  would  afford  a 
relatively  large  water  supply.  This  valley,  so  far  as  known,  is  floored  with  drift. 
At  its  north  end  the  rock  floor  cannot  be  much  above  sea-level  and  may  be 
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considerably  below  it.  At  the  south  end  it  lies  below  sea-level  and  it  may  be 
that  throughout  the  entire  length  of  the  valley  the  iron-formation  has  been 
largely  or  wholly  removed.  If  «o  the  special  opportunity  for  ore  formation 
does  not  exist,  since  the  conditions  along  the  valley  sides  are  only  a  repetition 
of  the  general  case  exemplified  along  the  east  eide  of  Kipalu  inlet. 

The  third  and  only  remaining  type  of  structure  is  that  prevailing  between 
Kipalu  inlet  and  [Easegalik  lake  and  not  known  to  be  developed  elsewhere. 
In  this  district  the  strata  have  a  basin-like  structure,  the  reverse  of  that  referred 
to  ae  yielding  the  second  type.  On  the  west  side  of  Kipalu  inlet  near  its  head, 
the  exposed  iron-formation  dips  gently  to  the  west  beneath  a  ridge  of  volcanic 
rocke,  and  reappears  several  miles  farther  west  along  the  margin  of  Kasegalik 
lake  "where  the  beds  slope  to  the  east.  The  structure  is  not  symmetrical. 
Northward  from  a  valley  that  extends  west  from  Kipalu  inlet  to  a  bay  on 
Kasegalik  lake,  the  strata  form  a  shallow  basin  which  widens  northward  and 
is  tilted  to  the  northeast;  southward  the  basin  is  tilted  southwesterly.  Such  a 
structure  in  conjunction  with  other  conditions  would  be  favourable  to  active 
underground  water  circulation  and  the  development  of  ore-bodies.  In  this  dis- 
trict, a  zone  rich  in  iron  oxides  and  40  to  50  feet  thick,  occurs  at  a  constant 
horizon  in  the  iron-formation,  about  120  feet  below  the  summit.  This  zone  out- 
crops on  both  sides  of  the  basin-shaped  area  and  its  existence  might  be  taken  as 
satisfactory  evidence  that  surface  waters  influenced  by  the  favourable  general 
rock  structure  had  favoured  a  partial  concentration  of  the  iron  contents  of  the 
strata  and  that  somewhere  along  the  outcropping  edges  of  the  iron-formation, 
or  perhaps  down  along  this  zone  beneath  the  cover  of  volcanic  rocks,  bodies  of 
high-grade  iron  ore  may  occur. 

Several  features,  however,  indicate  that  the  iron-rich  zone  is  an  original 
feature  of  the  strata.  In  the  first  place,  this  ferruginous  zone  is  not  exceptional. 
Essentially  similar  zones  occur  without  definite  relation  to  structure  wherever 
the  strata  are  well  exposed.  Wherever  this  rock  type  was  observed  below  a 
certain  marked  level  in  the  iron-formation,  it  was  found  to  be  comparativplv 
rich  in  iron  oxides.  Secondly,  there  are  above  the  level  of  the  ferruginous  zone 
usually  one  or  more  thick  layers  of  rock  essentially  similar  to  that  of  the  ferru- 
ginous zones,  but  always  relatively  barren  of  iron  oxides.  This  constantly 
recurring  contrast  suggests  again  that  the  rocks  do  not  owe  their  main  features 
to  changes  produced  by  circulating  waters  originating  at  the  surface. 

Thirdly,  the  top  of  the  iron-formation  is  everywhere  largely  composed  of 
iron  carbonate,  and  these  rocks  are  relatively  easily  altered  and,  of  all  the 
strata  of  the  iron-formation,  show  the  greatest  amount  of  weathering.  At  the 
surface  they  have  a  brownish  coloured,  decomposed,  limonitic  (iron  oxide  plus 
water)  outer  shell  in  place  half  an  inch  thick,  whereas  the  other  rocks  are 
quite  fresh.  These  iron  carbonate  rocks  would  be  much  altered  if  surface 
waters  had  freely  circulated  through  them  for  a  long  period  of  time.  But 
except  for  superficial  weathering  they  are  always  fresh  and  unaltered.  It  is 
difficult  to  understand  in  these  second  and  third  cases  why  a  lower  zone  should 
have  been  altered  to  a  relatively  highly  ferruginous  condition,  whereas  overlying 
zones  of  the  same  character  or  rich  in  the  less  stable  carbonate  should  remain 
unchanged.  The  conditions  suggest  that  circulating  surface  waters  had  little 
or  nothing  to  do  with  the  development  of  the  iron-rich  strata. 

There  is  yet  a  fourth  condition  which  does  not  seem  to  accord  with  the 
idea  that  the  ferruginous  zones  owe  their  high  iron  content  to  the  action  of 
surface  waters  circulating  underground.  A  large  part  of  the  iron  oxides  is. 
in  these  zones,  in  the  form  of  magnetite.  In  places  there  are  layers  several 
feet  thick  mainly  of  this  material.  So  far  as  known,  surface  waters  could 
not    form    magnetite.     Nor    could    this    mineral    have    been    produced    from 
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iron  oxides  formed  by  the  action  of  surface  waters,  because  no  agencies  capable 
of  producing  magnetite  bave  acted  since  the  strata  bave  been  accessible 
to  surface  wat^s.  The  presence  of  abundant  magnetite  is  evidence,  there- 
fore, that  much  of  the  iron  content  of  the  ferruginous  zones  is  not  a  product 
of  the  action  of  surface  waters,  and  it  would  be  strange  if  the  other  intimately 
associated  iron  oxides  had  been  produced  by  surface  waters  which  left  the  mag- 
netite untouched.  In  other  words,  if  surface  waters  have  had  any  effect  at 
all,  they  have  merely  changed  some  part  of  the  magnetite  to  other  iron  oxides. 
The  writer  is  of  the  opinion  that  the  zones  relatively  rich  in  iron  were 
so  from  the  beginning  and  that  considering  the  extent  of  the  iron-formation  and 
how  little  of  it  has  been  examined,  it  is  not  impossible  that  some- 
where one  or  more  zones  may  grade  into  iron  ore-bodies  of  commercial  si«e 
and  quality.  If,  however,  these  zones  are  secondary  products,  the  results  of 
the  action  of  the  surface  waters,  then  it  is  evident  that  such  activities  have 
been  widespread,  and  considering  that  for  thicknesses  of  50  feet  the  strata  are 
of  rocks  that  elsewhere  have  been  replaced  in  part  by  high-grade  iron  ore.  it  is 
not  unreasonable  to  suppose  that  somewhere  high-grade  ore-bodies  may  occur. 
In  any  case,  it  is  certain  that  forther  prospecting  should  take  the  form  of 
methodical  examinations  of  cross-eections  of  the  outcropping  bands  of  the 
iron-formation,  and  this  work — if  the  results  obtained  warrant  the  action — 
should  be  followed  by  drilling. 

Summary  and  Conclusions 

The  iron-formation  is  known  to  occur  in  five  bands,  m  follows,  com- 
mencing with  the  most  easterly. 

(a)  A  band  in  the  south  part  of  Tukarak  island  extends  probably  for 
about  25  miles  along  the  whole  east  side  of  this  island.  It  reappears  12  miles 
to  the  south  on  the  north  coast  of  Innetalling  island  and  extends  south  along 
the  east  side  of  this  island  for  perhaps  18  miles.  In  the  northern  5  miles  of 
this  stretch  it  is  in  places  partly  or  wholly  below  sea-level.  South  of  this,  the 
formation  lies  below  sea-level  (Figure  3). 

On  Tukarak  island,  in  two  places  the  formation  is  370  feet  thick;  on  the 
northern  part  of  Innetalling  island  it  is  450  feet  thick. 

The  strata  for  the  most  part  are  heavily  drift  covered,  but  are  definitely 
Known  to  outcrop  in  a  band  rarely  more  than  300  yards  wide.  The  strata  dip 
easterly  at  angles  varying  between  10  degrees  and  30  degrees  and  pass  beneath 
volcanic  rocks  that  rise  in  a  ridge  which  extends  to  the  coast  and  is  seldom 
more  than  a  mile  wide,  uarually  considerably  less. 

The  land  area  occupied  by  the  iron-formation  and  by  the  volcanios  with 
the  iron-formation  beneath  them,  is  estimated  to  be  30  square  miles. 

(6)  A  band  commences  in  the  north  on  a  small  island  close  to  the  west 
shore  of  Tukarak  island,  and  appears  at  intervals  on  some  islands  that  extend 
in  a  line  southward  for  12  miles.  It  reappears  on  the  north  coast  of  Inne- 
talling island  and  extends  south  along  the  west  side  of  this  island  for  perhaps 
18  miles.  South  of  this  the  formation  lies  below  sea-level.  On  one  of  the 
small  islands  in  the  northern  chain,  the  whole  formation  may  for  a  short 
interval  lie  above  sea-level;  on  the  other  small  islands  only  the  upper  part  of 
the  formation  anywhere  rises  above  the  sea.  On  the  northern  i^art  of  Inne- 
talling island  only  the  upper  half  is  exposed;  southward  few  outcrops  occur. 

The  strata  dip  westward  at  vaiying  angles  and  in  places  are  vertical.  They 
pass  beneath  volcanic  rocks  that  rise  in  a  ridge,  seldom  over  half  a  mile  wide, 
that  extends  to  the  coast. 

The  land  area  occupied  by  the  iron-formation  and  by  the  volcanics  with 
the  iron-formation  beneath  them  is  estimated  to  be  10  square  miles. 
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(c)  A  band  commences  in  the  north  on  Flaherty  island  at  the  north  end 
and  on  the  east  side  of  a  tidal  basin  at  the  head  of  Kipahi  inlet,  extends  south 
for  10  miles  to  where  on  the  east  shore  of  Eiipalu  inlet  it  sinks  below  the  sea, 
to  reappear  three  times  for  lengths  of  1  to  2  miles  in  a  further  distance  south- 
ward of  26  miles.    South  of  this  the  formation  lies  below  sea-level. 

The  strata  dip  to  the  eastward  at  from  90  degrees  to  75  degrees.  They  pass 
beneath  volcanic  rocks  that  rise  in  a  ridge  seldom  more  than  half  a  mile  wide 
that  extends  to  the  coast. 

The  land  area  occupied  by  the  iron-formation  and  by  the  volcanics  with 
the  iron-formation  beneath  them  is  estimated  to  be  18  square  miles. 

(d)  A  band  commences  in  the  north  on  Flaherty  island,  on  the  west  side 
of  Kipalu  inlet  near  its  head,  and  for  35  miles  southward  occurs  at  intervals 
along  the  coast  in  stretches  varying  in  length  from  a  few  hundred  yards  up 
to  6  miles.  In  some  places  a  comparatively  small  part  of  the  higher  beds  rises 
above  sea-level,  but  in  the  northernmost  stretch  about  the  upi>er  half  of  the 
formation  rises  above  sea-level  and  in  some  of  the  longer  stretches  the  whole 
formation  is  above  sea-level,  though  almost  completely  drift  covered.  The 
formation  doubtless  extends  northward  towards  the  end  of  the  band  on  the 
east  side  of  the  inlet,  but  in  this  direction  lies  beneath  drift-covered  flats  op 
the  waters  of  a  tidal  basin. 

The  strata  dip  westward  at  low  angles  in  the  north,  at  high  angles  in  the 
south.  They  pass  beneath  volcanic  rocks  that  rise  in  a  ridge  which  extends 
to  the  shores  of  Kasegalik  lake  and  to  a  valley  extending  north  from  this  lake 
to  the  northwest  shore  of  Flaherty  island.  In  the  south  the  distance  across 
this  area  in  places  is  only  half  a  mile.  Northward  it  increases  to  as  mud  as 
4  miles,  and  still  farther  north  the  width  may  be  6  or  8  miles. 

The  land  area  occupied  by  the  iron-formation  and  by  the  volcanics  with 
the  iron-formation  beneath  them  is  estimated  to  be  100  square  miles. 

(e)  A  band  commences  on  the  northeast  coast  of  Flaherty  island  and 
passes  southerly  along  the  east  side  of  Kasegalik  lake  until,  about  5  miles  south 
of  the  head  of  the  lake,  it  sinks  below  lake-leveL  The  length  of  this  band  is 
about  16  miles.    Whether  it  reappears  to  the  south  is  unknown. 

The  strata  dip  easterly  at,  as  far  as  known,  low  angles.  In  the  south  only 
the  upper  part  of  the  formation  is  exposed,  the  lower  part  lying  below  lake- 
level  or  being  drift  covered.  Northward  the  number  of  exposures  decrease  and 
beyond  the  head  of  the  lake,  for  some  distance  at  least,  outcrops  are  rare.  This 
band  is  the  western  edge  of  the  above-mentioned  lOO-square-mile  area. 

In  addition  to  the  definitely  known  bands,  the  iron-formation  is  reported 
to  occur  on  a  large  island  "lying  west  of  Flaherty  island  and  probably  it  out- 
crops on  the  southern  part  of  the  island  west  or  south  of  the  valley  of  Kase- 
galik lake.  In  the  southeast,  although  the  iron-formation  nowhere  outcrops,  it 
imdoubtedly  is  present  there  beneath  a  cover  of  volcanic  rocks  which  project 
above  sea-level  and  occupy  a  further  estimated  land  area  of  50  square  miles. 

The  total  estimated  land  area  occupied  by  the  iron-formation  and  by  the 
volcanics  overlying  the  iron-formation  is  198  square  miles;  the  total  outcrop- 
ping area  of  the  iron-formation  is  not  greater  than  15  square  miles. 

The  volcanic  rocks  overlying  the  iron-formation  occur  in  sheet-like  bodies. 
They  form  in  each  area  practically  continuous  exposures  and  doubtless  it  would 
be  possible  ta  determine  the  approximate  thickness  of  volcanics  in  any  given 
locality.  In  places  they  are  known  to  be  200  feet  thick ;  it  is  reasonable  to 
suppose  that  the  maximum  thickness  is  not  greater  than  400  feet  or  500  feet 
and  that  the  average  thickness  is  less  than  200  feet. 
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The  total  length  of  outcrop  of  the  iron-formation^  exclnsiye  of  the  pro- 
blematical areas  in  the  south  part  of  Flaherty  island  and  on  the  island  to  the 
west,  is  estimated  to  be  110  miles,  of  which  it  is  estimated  ojily  10  miles  all 
told  are  sufficiently  well  exposed  to  permit  of  unreservedly  stating  that  iron 
ore  beds  are  present  or  absent. 

No  iron  ore  deposits  of  commercial  value  under  existing  conditions  were 
seen  after  traversing  in  all  40  miles  of  the  various  bands.  Over  most  of  this 
length  it  is  certain  that  no  iron  ore-bodies  occur  in  the  upper  one-quarter  of  the 
formation. 

In  each  area  examined  on  the  several  outcropping  bands  of  iron-formation, 
highly  ferruginous  zones  were  found,  and  where  the  formation  was  fiflly 
exposed  two  or  more  such  zones  were  always  in  evidence.  With  the  exception 
of  one  horizon  in  the  eastern  band  on  Tukarak  island,  these  zones  everywhere 
have  the  same  general  characters.  The  positions  of  these  zones  in  the  iron- 
formation  and  their  individual  thicknesses  vary  from  area  to  area,  but  in  each 
area  these  characters  are  remarkably  uniform. 

In  thickness  the  individual  zones  vary  from  10  feet  to  50  feet  Assays 
of  samples  representing  thicknesses  up  to  24  feet  and  the  examination  of  the 
material  itself  indicate  that  the  zones  are  composed  almost  wholly  of  silica  and 
iron  oxides;  the  silica  is  largely  in  the  form  of  quartz,  the  iron  oxides  in  the 
form  of  magnetite  and  hematite,  but  a  small  proportion  of  the  silica  and  iron 
oxides  is  combined  as  an  iron  silicate.  Four  representative  samples  gave  the 
following  results : 


Silica 

32-52 
6204 
44-96 

46-48 
50.06 
35-42 

42-12 
53-84 
37-80 

38-60 

Iron  oxides 

54-62 

Metallic  iron 

39-10 

The  individual  zones  consist  of  distinct  beds,  almost  all  alike  in  general 
characters  but  varying  as  regards  their  iron  content.  In  general  about  20  per 
cent  of  the  volume  consists  of  thin,  discontinuous,  highly  siliceous,  very  lean 
layers.  If  by  hand-picking  these  layers  were  removed,  the  metallic  iron  con- 
tent could  be  raised  to  60  per  cent  and  more,  but  the  silica  content  would  still 
be  20  per  cent  or  greater.  The  more  purely  siliceous  layers  are  tightly  welded 
to  the  other  rocks  and  do  n<>t  form  zones  that  could  be  eliminated  as  one  body, 
hence  hand-picking  would  be  a  heavy  charge  against  the  ore  produced. 

The  ferruginous  zones  represent  groups  of  beds  of  rocks  having  many  of 
the  essential  features  of  the  rocks  which  yielded  the  iron  ore-bodies  of  the 
Mesabi  district,  Minnesota.  The  associated  strata  are  also  ferruginous  and 
might  under  some  conditions  yield  an  iron  ore.  The  iron-formation  has  not 
been  metamorphosed  in  such  a  fashion  as  to  prevent  the  formation  of  ore- 
bodies  in  the  way  those  of  the  Mesabi  range  originated. 

The  ferruginous  zones  approximate  an  iron  ore  and  this  may  indicate  that 
the  processes  which  gave  rise  to  ore-bodies  on  the  Mesabi  range  also  operated 
on  Belcher  islands.  The  failure  to  find  ore-bodies  on  Belcher  islands  may  be 
due  to  the  heavy  drift  that  covers  the  outcrops. 

If  ore-bodies  of  the  Mesabi  type  are  present,  then  by  theory  and  experience 
they  should  occur  outcropping  at  the  bedrock  surface  of  the  bands  of  the  iron- 
formation  and  not  within  the  iron-formation  wholly  concealed  by  the  cover  of 
volcanic  rocks.  ^ 

It  is  considered  to  be  improbable  that  the  ferruginous  character  of  these 
zones  is  due  to  causes  such  as  operated  in  the  Mesabi  listrict.  It  seems  rather 
that  the  ferruginous  zones  possessed  their  present  characters  when 
first  formed  or  very  soon  thereafter.     If  this  is  so  it  is  not  impossible  that 
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somewhere  they  may  grade  into  ore-bodies  which,  having  formed  when  the 
rocks  first  devdoped,  are  not  connected  in  origin  with  the  present  land  surface 
and,  therefore,  may  occur  wholly  concealed  beneath  the  cover  of  volcanivj  rocks. 

The  above-mentioned  two  general  modes  of  occurrence  of  iron  ore  deposits 
are  the  only  known  ones  applicable  in  the  case  of  the  iron-formation  on  Bel- 
cher islands,  and  in  either  case  it  is  not  impossible  that  deposits  of  iron  ore 
may  occur. 

Considering  the,  so  far  as  known,  only  two  possible  ways  in  which  iron 
ore  deposits  may  occur  on  Belcher  islands,  the  general  conformity  of  the  geo- 
logical structures,  the  orderly  fashion  in  which  the  strata  of  the  iron-formation 
are  grouped  and  succeed  one  another,  and  the  regularity  and  constancy  of  the 
more  ferruginous  zones  it  is  evident  that  prospecting  should  consist  of 
methodical  geological  examinations  of  complete  natural  or  artificially-bared 
cross-sections  of  the  iron-formation  made  at  intervals  along  the  course  of  eaoh 
outcropping  band.  Such  cross-sections  need  be  made  only  at  wide  intervals 
of  say  1,000  yards  or  more,  but  would  have  to  be  supplemented  by  the  examina- 
tion of  intermediate,  partial  cross-eections  of  particular  horizons.  In  places, 
because  of  the  thickness  of  the  drift  cover,  diamond  drilling  instead  of  trench- 
ing or  test-pitting  might  prove  the  most  economical  fashion  of  obtaining  the 
desired  information,  but,  in  any  caee,  drills  should  not  be  used  to  prospect 
for  ore-bodies  in  localities  back  from  the  outcropping  edge  of  the  iron- 
formation  until  these  edges  have  been  systematically  and  fully  examined. 
Until  such  an  examination  is  made,  the  essential  information  requisite  to 
ensure  the  success  of  any  reasonably  extensive  drilling  campaign  will  be  lacking. 
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The  annual  Summary  Reiwrt  of  the  Geological  Survey  is  issued  in  parts, 
referring  to  particular  subjects  or  districts,  and  each  designated  by  a  letter  of 
the  alphabet.  A  review  of  the  work  of  the  (Geological  Survey  for  the^year 
forms  part  of  the  Annual  Report  of  the  Department  of  Mines. 
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